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PREFACE. 

In  the  Diagnostics  of  the  Fundus  Oculi,  the  author  seeks  to  present 
his  subject  in  a  manner  serviceable  to  the  ophthalmologist,  the  neurologist 
and  the  general  practitioner,  as  well  as  to  the  teacher  and  the  Student. 
It  is  hoped  that  the  ophthalmologist  may  find  in  the  text,  with  its  accom- 
panying  figures,  some  features  that  will  meet  with  his  approbation,  and 
that  the  Stereographic  reproductions  of  the  fundus  will  recall  to  his  mind 
cases  encountered  in  his  own  practice.  There  are  many  diseased  condi- 
tions  of  the  fundus  with  which  the  general  practitioner  should  be  familiär, 
and  it  is  believed  that  the  stereograms  accompanying  this  volume  will 
aid  him  greatly  in  their  recognition.  They  are  all  reproductions  of  actual 
cases  and  in  each  instance  the  fundus  conditions  have  been  depicted  with 
every  effort  possible  toward  accuracy.  The  rarer  examples,  such  as  those 
of  maculo-cerebral  degeneration  and  retinitis  punctata  albescens,  are 
hardly  necessary  in  his  ordinary4>ractice,  but  it  would  seem  highly  desir- 
able  and  almost  essential  that  he  should  be  able  to  call  to  his  aid  in 
diagnosis  such  common  fundus  pictures  as  those  presented  by  choked  disc, 
albuminuric  retinitis  and  optic  atrophy,  with  others  less  common,  perhaps, 
as  his  knowledge  of  fundus  diseases  and  his  facility  in  the  use  of  the 
ophthalmoscope  increase.  The  teacher  will,  it  is  hoped,  find  the  stereo- 
grams of  advantage  as  Substitutes,  when  necessary,  for  actual  cases  in  his 
clinical  lectures,  and  they  can  hardly  fail  to  be  of  a  similar  service  to  the 
Student  of  ophthalmology.  It  is  not  without  some  misgivings  that  a 
work  of  this  character  is  presented  to  the  medical  profession.  Many  ex- 
tensive works  on  diseases  of  the  fundus  have  preceded  it,  as  have  also 
treatises  more  profound  upon  its  pathology.  It  has  been  the  endeavor  of 
the  author  to  combine  both  these  features  in  a  work  sufficiently  Con- 
densed for  agreeable  study.  The  coUection  of  cases  and  specimens  has 
extended  over  a  period  of  a  number  of  years  and,  in  his  efforts  in  this 
direction,  the  author  has  to  thank  many  of  his  coUeagues  who  have  so  kindly 
given  their  aid  and  to  whom  reference  is  made,  it  is  hoped  in  all  instances, 
in  the  text.  In  the  preparation  of  the  pathological  specimens,  his  thanks 
are  especlally  duc  to  Dr.  James  Ewing  and  Dr.  Henry  T.  Brooks,  and  he 
has  also  to  thank  Dr.  Alfred  Braun  for  his  kindly  criticism  of  the  color 
tints,  as  well  as  Dr.  H.  W.  Wootton  for  suggestions  in  regard  to  the  text. 

E.  L.  Oatman. 

40  East  4 Ist  Street. 
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Chapter  I. 

EXAMINATION  OF  THE  EYE. 

The  Ophthalmoscope.  The  eye  is  distinguished  from  all  othcr 
Organs  of  the  body  in  that  Its  tissues  are  transparent.  Here  can  be  observed 
currents  of  living  blood  circulating  within  the  vessels,  also  the  secret  proc- 
esses  of  disease  and  repair.  Within  the  deep  tissues  of  the  eye  we  may  see 
hemorrhages  and  exudates  appear  and  disappear,  blood  vessels  pass 
through  the  varied  stages  of  degeneration,  and  neoplasms  develop  the  per- 
sistence  of  which  will  destroy  life.  It  is  unfortunate  that  these  open  secrets 
should  be  hidden  from  any  practitioner  of  medicine,  particularly,  as  the 
presence  of  many  insidious  diseases  is  manifest  early  in  the  eye,  and  fre- 
quently  the  first  intimation  that  nephritis,  arteriosderosis  or  grave  disease 
of  the  nervous  System  is  present  comes  through  an  ophthalmoscopic  ex- 
amination. 

To  use  the  ophthalmoscope  successfuUy  is  a  simple  mechanical  pro- 
cedure  the  attendant  diiEculties  of  which  have  been  overrated.  The  fault 
with  all  beginners  in  ophthalmoscopy  is  haste.  As  a  matter  of  fact,  no 
method  of  physical  diagnosis  is  more  readily  acquired,  provided  each 
simple  manoeuvre  is  mastered  in  proper  sequence. 

The  ophthalmoscope  is  a  small  mirror  in  the  center  of  which  is  an 
aperture  through  which  the  observer  looks.  The  mirror  collects  light  from 
a  lamp  or  other  source  of  illumination  and  reflects  it  through  the  pupil,  into 
the  eye  of  the  subject  (Fig.  1).  Electric  ophthalmoscopes  are  now  made 
in  which  the  source  of  light  is  a  small  electric  lamp  attached  in  front  of 
the  mirror.  This  arrangement  removes  the  chief  diiEculty  attending  oph- 
thalmoscopic examinations,  i.  e.,  manipulation  of  the  mirror  so  as  to 
reflect  light  accurately  through  the  pupil  of  the  subject.  The  electric 
ophthalmoscope  illuminates  the  fundus  perfectly  in  a  lighted  room  and  is 
especially  valuable  for  bedside  examinations  (Fig.  2). 

Where  both  subject  and  observer  have  normal  refraction,  a  per- 
forated  mirror  is  the  only  instrument  required  to  obtain  a  view  of  the 
fundus.  If,  however,  errors  of  refraction  are  present,  a  correcting  glass 
must  be  employed.  The  observer  may  wear  his  own  glass,  but  refractive 
errors  in  the  subject  are  corrected  by  a  series  of  lenses  attached  to  the 
ophthalmoscope  in  such  manner  that  the  requisite  lens  is  easily  brought 

1 


THE    FUNDUS  OCULI. 


into  theaperture  of  the  mirror  (Fig.  3).  The  beginner  In  ophthalmoscopy 
should  employ  as  a  subject  for  examinatlon  a  young  person  whose  pupils 
naturally  are  wide,  or  someoiie  whose  pupih  have  been  dilatcd  by  a 
mydriatic,  bearing  in  niind  the  danger  of  »sing  powerful  mydriatics  on 
those  adults  who  possess  a  predisposition  to  glaucoma. 

For  descriptive  purposes,  the  several  Steps  of  an  ophthalmoscopic 
cxamination  will  be  presented  in  the  followlng  order:  (1)  Illumination; 
(2)  Direct  cxamination;  (3)  Indirect  examlnation. 

Illumination.  The  examination  is  conducted  in  a  daric  room. 
Both  subject  and  observer  are  seated.  A  lamp  with  a  large  flame  is  placcd 
near  and  slightly  behind  the 
bc  examined.  For  this  pun 
The  observer,  facing  the 


the  back  of  the  mirror  clo      "" 

and  throws  a  reflection  of 

ject  (Stergm.  1).     The  d 

right  eye  of  the  subject 

directly  into  the  mirror,  l 

reflected  from  the  mirror 

a  brilliant  red  illuminatiori 

mirror  and,  Incidentally,  t 

No  fundus  details  are  se 

Although  this  procedure  is 

tered,  inasmuch  as  maiiipi 

is  the  chief  technlcal  factor 

dexterity  to  hold  the  fundi. 

convex  lens  of  6  D.  into 

proaches  the  eye  of  the  sub; 

edge  of  the  pupil.    To  illumir 

eye  in  various  posttions,  i.  e.  " 

etc.      Simple    Illumination 

media  are  clear  and  the  fi. 

in  all  positions  of  the  eye,  u, 

aqueous,  lens  or  vitreous,  they  v 

black.    Vitreous  opacities  usually 

cataract  presents  fixed  opacities,  offen  arranged  like  the  spokes  of  a  wheel 

Gross  lesions  in  the  choroid  and  retina  change  the  color  of  the  fundus 

reflex.     For  example,  a  detached  retina  gives  a  pearl-grey  reflex,  choroldal 

cicatriccs  and  retinal  exudates  appear  white,  while  an  intraocular  tumor 
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The  subject  should  not  look 
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may  pve  no  reflex  and  the  pupil  becomes  black.  The  strength  of  the 
convex  lens  in  the  aperture  of  the  ophthalmoscope  should  now  be  increased 
to  12  or  even  18  D.  and  the  eye  dosely  approached  until  details  In  the  iris 
are  in  accurate  focus.  With  this  glass  the  finest  opacities  in  the  Cornea 
and  lens  may  be  seen.  Whether  a  given  opacity  Is  in  front  or  behind  the 
iris  is  determined  by  the  test  of  parallactic  displacement.  This  is  per- 
formed  by  noting  the  relative  position  which  the  opacity  bears  to  the 
margin  of  the  pupil.  The  observer  then  slowly  moves  his  head  from 
side  to  side  and  the  opacity  will  appear  to  foUow  in  the  same  direction  if 
situated  behind  the  iris:  on  the  other  band,  it  will  appear  to  move  in  a 
direction  opposite  to  that  of  the  head  if  situated  in  front  of  the  iris.  In 
a  like  manner  the  relative  positions  of  any  two  objects  in  the  fundus  may 
be  determined  by  the  parallactic  test. 

The  observer  next  proceeds  to  examine  details  in  the  eyeground. 
Two  principal  methods  are  employed  to  obtain  an  ophthalmoscopic  view 
of  the  fundus,  f.  e.,  the  direct,  in  which  only  the  ophthalmoscope  is  em- 
ployed, and  the  indirect,  in  which  a  strong  auxiliary  lens  is  interposed 
between  the  ophthalmoscope  and  subject. 

UsE  OF  THE  Ophthalmoscope.  Stereogram  1.  Direct  Method. 
By  the  direct  method  the  observer  looks  into  an  eye  as  through  an  open 
window  and  objects  in  the  fundus  are  seen  erect  in  their  natural  positions. 
If  both  subject  and  observer  have  normal  refraction,  no  lens  is  placed  in 
the  aperture  of  the  ophthalmoscope,  The  lamp  remains,  as  heretofore,  at 
the  side  of  the  eye  to  be  examined.  The  mirror  is  tilted  on  its  vertical 
axis  toward  the  lamp  so  as  to  reflect  light  into  the  pupil.  In  the  electric 
ophthalmoscope  the  lamp  and  mirror  are  fixed  to  the  Instrument  in  their 
proper  positions.  The  observer  comes  very  close  to  the  subject,  keeping 
the  pupil  illuminated,  and  if  the  mirror  is  properly  held  a  distinct  view 
of  the  eyeground  will  be  obtained.  If  the  subject  has  small  pupils,  they 
should  be  dilated  with  a  weak  mydriatic,  such  as  cocaine,  euphthalmine, 
homatropine,  etc.  Atropine  should  not  be  employed  for  this  purpose,  as 
its  prolonged  action  may  precipitate  glaucoma  in  elderly  people  if  a  pre- 
disposition  to  this  disease  exists. 

The  following  rules  should  be  observed  in  direct  examination  of  the 
fundus : 

(1)  In  the  primary  position,  the  subject's  eye  should  be  directed 
slightly  to  the  nasal  side,  which  will  bring  the  optic  disc  in  direct  llne  of 
the  observer's  vision. 

(2)  The  observer  should  keep  his  head  perpendicular  with  that  of 
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the  subject.  If  held  transversely,  the  forehead  will  come  before  tfae  sub- 
ject's  disengaged  eye  which  then,  having  lost  tts  point  of  üxation,  will 
move. 

(3)  The  reflection  from  the  ophthalmoscopic  mirror  casts  a  small, 
central  shadow,  du«  to  the  aperture.  Guide  the  light  into  the  subject's  eye 
by  keeping  thls  shadow  directly  on  the  pupil. 

(4)  The  observer  must  relax  his  own  accommodation.  Thls  is  ac- 
complished  by  looklng  at  the  fundus  picture  as  though  it  were  situated 
at  infinite  distance.     If  sought  for  close  at  hand,  the  obscrver  exercisei 


accommodation  and  the  picture 
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ophthalmoscope  (Flg.  4).  vVhen  proi  rly  held,  the  biconvex  lens  will 
interccpt  the  rays  of  light  returning  from  the  subject's  eyeground  and 
will  form  an  inverted,  aerial  Image  of  the  fundus  between  the  lens  and  the 
ophthalmoscope.  It  is  more  dilficult  to  obtain  a  fundus  picture  by  die 
in<Urect  than  by  the  direct  method,  faut  after  a  little  practice  the  tmage 
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tuddenly  will  be  perceived  and  the  observer  is  amazed  that  it  was  not 
Seen  bcforc  The  observer  should  hold  the  Icns  between  the  forefingcr 
and  thumb  while  the  little  finger  rests  on  the  subjcct's  temple.  The  plane 
of  the  lens  should  correspond  with  the  plane  of  the  subject's  Cornea, 
although  if  given  a  slight  obliquity  certain  annoying  surface  reflexes  will 
disappear.  It  is  desirable  to  hold  the  lens  in  the  left  band  when  examining 
the  right  eye,  and  in  the  right  band  when  examining  the  left  eye.  The 
Image  may  be  obtained  with  the  open  aperture.  It  is  advisable,  however, 
to  look  through  a  lens  of  4  or  S  D.  which  will  relieve  the  accommodation 
of  the  observer  and  enable  him  to  come  closer  to  the  image.  The  observer 
should  first  find  the  optic  disc,  and  starting  from  this  point  explore  the 
eyeground  in  all  directions.  In  the  indirect  image  the  position  of  objects 
is  reversed;  thus,  the  upper  part  of  the  picture  is  the  lower  part  of  the 
fundus,  the  macula  appears  on  the  nasal  side,  etc.  By  the  indirect  method 
a  magnification  of  but  three  or  four  diameters  is  obtained  as  compared 
with  fiftecn  diameters  by  the  direct  method.  Therefore,  the  indirect 
method  is  not  the  best  for  examining  details ;  on  the  other  band,  it  possesses 
the  foUowing  advantages  over  the  direct:  (a)  a  much  larger  field  is 
covered  and  a  more  comprehensive  view  of  the  eyeground  obtained;  (b) 
the  illumination  is  much  brighter  and  the  fundus  can  be  seen  through 
opacities  which  wonld  obstruct  the  view  by  the  direct  method;  (c)  it  is 
the  only  method  by  which  a  satisf actory  view  of  the  fundus  can  be  obtained 
in  cases  of  high  myopia  and  astigmatism;  (d)  z  fundus  picture  can  be 
obtained  through  a  narrow  pupil;  (e)  patients  can  easily  be  examined 
in  the  recumbent  position. 

FocAL  CR  Oblique  Illumination.  Every  ophthalmoscopic  exami- 
nation  should  be  preceded  by  oblique  illumination  of  the  eye.  For  this 
purpose,  the  source  of  light  should  be  situated  a  few  fect  distant  from  the 
eye  to  be  examined.  With  a  convex  lens  of  15  to  20  D.  the  light  from  a 
lamp  or  window  is  concentrated  so  that  the  focal  point  falls  obliquely 
across  the  Cornea  (Fig.  S).  As  the  point  of  light  is  moved  over  the 
surface  of  the  comea,  the  most  delicate  lesions  will  be  revealed.  The  iris 
and  lens  may  be  examined  by  this  method  and  even  growths  situated  far 
forward  in  the  vitreous  may  be  seen.  The  observer  may  wear  a  second 
convex  lens  to  magnify  objects  which  are  illuminated  by  the  oblique  method. 

In  diagnosticating  diseases  of  the  fundus  oculi,  the  ophthalmoscopic 
examination  should  be  supplemented  by  all  known  methods  of  detecting 
disease,  particularly  modern  laboratory  tests  including  those  for  syphilis 
and  tuberculosis.     In  this  work,  however,  it  is  appropriate  to  refer  only 
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to  those  methods  which  lic  within  thc  province  of  the  ophthalmologist  and 
neurologist,  i.  c,  examination  of  thc  Visual  fidd  and  transillumination  of  jj 

the  eye.  j 

The  visutit  ßeld  Js  the  area  in  Space  in  which  objects  are  pcrcelved  at 
one  time.     Accurate  Vision  for  detail  is  limited  to  a  small  point  in  the  f 

visual  field  which  corresponds  to  thc  fovea  centralis  {central  or  dircct 
vision).  Outside  this  small  area  objects  are  scen  with  diminishing  dis- 
tinctness  from  the  center  to  the  periphery  {peripheral  or  indircct  vision). 
Examination  of  the  visual  field  includes  tests  for  color  perception  as  well 
as  for  light.  The  power  to  distinguish  colors  varies  In  diffcrent  parts  of 
the  retina,  thus,  colors  are  rccognized  throughout  the  central  region,  but 
not  at  the  periphery.  Each  color  has  its  own  normal  limitations  in  the 
visual  field,  variations  from  which  are  pathologic.  The  normal  field  for 
white  and  for  colors  is  shown  in  Fig.  6.  Rays  of  light  from  an  object 
cross  each  other  before  reaching  thc  retina,  consequcntly.  the  nasal  field 
corresponds  to  the  temporal  sidc  of  the  retina  and  vice  versa.  The  normal 
eye  contains  a  blind  spot  (Fig.  6)  produced  by  entrance  of  the  optic  nerve, 
Examination  of  the  visual  field  can  roiighly  be  made  as  follows:  Subject 
and  examiner  should  be  about  two  feet  apart.  If,  for  example,  the  rlght 
eye  Is  under  examination,  the  subject  closes  the  left  eye  and  the  examiner 
closes  the  right  eye.  The  subject  looks  steadily  Into  the  eye  of  the 
examiner  while  the  latter  advances  his  band,  or  other  object,  from  periph- 
ery to  center  of  field,  keeping  it  equidlstant  from  himself  and  subject. 
The  subject  indicates  when  the  object  band  is  first  percelved,  and  if  thc 
examiner  sees  it  at  about  the  same  tIme,  it  may  be  assumed  that  visual 
perception  exists  in  that  part  of  the  field.  The  color  sense  may  be 
examined  in  the  same  manner  by  suitable  color  cards.  These  methods 
answer  the  purpose  for  bedside  examination  or  as  a  primitive  lest  for 
gross  dcfects,  but  accurate  examination  requires  the  use  of  a  special  In- 
strument known  as  the  perlmeter  (Flg.  7)  or  a  tangent  plane  chart 
(Flg.  8).  The  perlmeter  conslsts  of  a  semicircular  are  of  black  metal 
which  revolves  upon  its  center  so  as  to  describe  the  figure  of  a  hollow 
sphere.  A  scale  of  concentrlc  circlcs  Is  marked  on  the  are.  The  subject 
is  so  placed  that  the  eye  to  be  examined  is  In  the  center  of  the  hollow 
sphere.  The  eye  Is  then  fixed  on  the  center  of  the  are  while  a  smatl 
white  or  colored  test  object  is  moved  along  its  inner  surface  from 
periphery  to  center  and  the  number  of  the  concentrlc  circle  where  the 
test  object  first  comes  into  view  is  recorded  on  a  chart.  By  revolving 
the  are  into  all  merldians  the  entlre  visual  field  may  be  plotted.     For 
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mapping  out  small  central  or  paracentral  scotomata  a  tangent  plane  (Fig. 
8)  18  bcttcr  than  the  perimeter. 

A  defect  in  the  visual  field  is  known  as  a  scotoma.  Scotomata 
arc  dassified  according  to  their  Situation  as  central,  pericentral,  para- 
central, equatorial  and  penpheral,  also  according  to  form  as,  irregulär, 
annular,  sector,  crescentic,  etc.  Disappearance  of  the  field  from  periphery 
toward  the  center  is  called  concentric  contraction  (Fig.  ISO).  When 
one  half  of  the  field  is  destroyed  the  patient  is  said  to  have  hemianopia 
(hemianopsia).  The  different  forms  are:  {a)  Homonymous  hemianopia 
in  which  vision  is  lost  on  the  same  side,  right  or  left,  in  each  eye  (Fig. 
9);  {b)  Bitemporal  hemianopia  affects  both  temporal  fields  (Fig.  10); 
(r)  Binasal  hemianopia  both  nasal  fields  (Fig.  11);  {d)  Horizontal  or 
latitudinal  hemianopia  is  the  condition  in  which  both  upper  or  lower  fields 
are  destroyed  (Fig.  12).  A  scotoma  is  said  to  be  positive  when  it  is 
perceived  by  the  patient  as  a  black  spot  or  as  a  cloud  in  the  field  of 
vision.  A  negative  scotoma  is  a  blind  spot  in  the  field  which  is  not  seen 
by  the  patient. 

Transillumination.  (Diaphanoscopy.)  The  interior  of  the  eye 
may  be  illuminated,  not  only  through  the  pupil  but  also  through  the 
sdera,  a  fact  which  has  been  utilized  for  diagnostic  purposes.  Special 
lamps  have  been  devised  by  Leber,  Sachs  and  Würdemann  which,  when 
placed  against  the  sdera,  behind  the  plane  of  the  iris,  in  a  dark  room,  will 
light  up  the  interior  of  a  normal  eye  and  render  the  pupil  luminous 
(Fig.  13).  If,  however,  an  opaque  object  lies  between  the  lamp  and 
the  pupil,  it  will  cast  a  shadow  and  the  pupillary  Illumination  will  be 
darkened.  For  example,  if  the  transilluminator  is  pressed  against  the 
sdera  at  a  point  corresponding  to  the  attachment  of  a  melanosarcoma, 
the  light  cannot  penetrate  the  tumor  and  the  pupil  remains  black.  If 
the  transilluminator  is  then  moved  to  a  point  not  occupied  by  the  sarcoma, 
the  pupil  becomes  illuminated.  Another  form  of  transilluminator,  known 
as  the  diaphanoscope,  is  placed  in  the  mouth  and  pharynx.  In  this 
Position  the  light  is  diffused  through  the  back  of  the  eye,  thus  revealing 
opaque  objccts  situated  posterior  to  the  equator.  Transillumination  is 
the  most  reliable  test  we  possess  for  diagnosticating  sarcoma  of  the  cho- 
roid.  It  may  f ail,  however,  under  the  following  conditions :  ( 1 )  When 
the  aperture  in  the  lamp  is  not  entirely  covered  by  the  tumor;  (2)  A 
small  leucosarcoma  may  cast  little  shadow.  In  such  case,  if  the  illumina- 
tion  is  reduced  a  shadow  may  be  demonstrated ;  (3)  In  diffuse  sarcoma; 
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(4)  When  the  base  of  a  sarcoma  is  attached  to  the  posterior  pole  and 
thc  head  forms  an  elongated  tumor  directed  forwards  (Fig.  14*).  In 
transiUumination  the  intensity  of  the  light  should  be  varied,  a  strong 
light  being  required  when  the  globe  is  filled  with  blood  or  contains  a 
dense  tumor,  while  a  dim  light  will  be  necessary  to  demonstrate  slight 
variations  in  the  luminosity  of  the  pupil.  The  following  is  formulated 
from  Friedenberg's  paper  on  transiUumination: 

In  normal  eyes  the  sclera  always  is  translucent  and  the  transsderal 
glow  illuminates  the  pupil. 

Corneal  opacities,  however  dense,  offer  no  obstruction  to  thc  light. 

Recent,  dense  pannus  slightly  dims  the  glow. 

Uveal  pigment  in  the  Cornea  and  elsewhere  is  an  absolute  barrier 
to  the  light. 

No  form  of  cataract  offers  the  slightest  obstruction  to  light  in 
transiUumination. 

In  siderosis  of  the  lens  the  light  is  slightly  dimmed. 

The  choroidal  pigment  is  so  scattered  that  it  offers  no  obstruction  to 
transiUumination;  on  the  other  band,  the  dosely  packed  pigment  of  the 
cUiary  body  and  iris  is  an  absolute  barrier  to  light  and  the  normal  iris 
is  opaque  regardless  of  its  color.  In  atrophy  of  the  iris  and  in  albinos, 
conditions  in  which  pigment  is  absent,  the  light  readUy  passes  through  the 
iris  stroma.  Secondary  membranous  cataract  obstructs  light  only  when 
it  contains  a  blood  clot  or  uveal  pigment.  Freshly  extravasated  blood 
slightly  dims  the  light  but  dotted  blood  entirely  obstructs  it.  Simple  de- 
tachment  of  the  retina  is  absolutcly  transparent.  Melanosarcoma  of  the 
choroid  casts  a  dense  shadow  which  dims  the  pupil  and  darkens  the  sdera  at 
the  site  of  attachment.  Glioma  of  the  retina  casts  no  shadow  unless  it  has 
undergone  calcareous  degeneration.f  By  combined  use  of  the  ophthalmo- 
acope  and  transilluminator  the  visible  area  of  the  fundus  is  enlarged. 

Puncture  is  sometimes  employed  to  determine  the  solid  or  fluid 
diaracter  of  retinal  elevations.  If  an  aspirating  needle  is  employed  it  may 
enter  a  tumor  and  withdraw  blood  and  tumor  ceUs.  Frequently,  however, 
the  needle  has  failed  to  encounter  a  growth  when  one  was  present.    This 


♦From  N.  Y.  Pott  Graduate  Hospital.    Service  of  Dr.  A.  E.  Davis. 

t  Glioma  of  the  retina  casts  little  or  no  shadow  in  transiUumination  because,  (1) 
glioma  is  a  retinal  growth,  consequently,  a  space  exists  between  tumor  and  sclera  through 
which  light  enters  the  eye;  (2)  glioma  contains  no  pigment. 
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method  of  diagnosis  is  seldom  employed,  as  there  is  a  well  founded  belief 
that  the  point  of  puncture  aSords  ready  egress  to  tumor  elements. 

Intraocular  Pressure.  In  every  examination  of  the  eye  the  in- 
traocular  pressure  should  be  estimated  as  a  matter  of  routine. 

The  eye  is  a  soft  capsule  filled  with  fluids  under  a  pressure  of  from 
20  to  30  mm.  Hg.  (18  to  23  mm.  Hg.  according  to  Schiötz).  This 
normal  pressure  produces  the  tension  of  the  ocular  walls  and  maintains  the 
form  of  the  globe.  Any  marked  Variation  from  this  Standard  is  pathologic. 
Thus,  in  glaucoma  pressure  may  rise  to  more  than  100  mm.  Hg.  or  it 
may  faU,  as  in  phthisis  bulbi,  to  zero.  Intraocular  pressure  is  roughly 
estimated  by  the  sense  of  touch,  and  with  accuracy  by  means  of  instru- 
ments.  The  tension  of  the  walls  varies  with  intraocular  pressure  and 
this  may  be  estimated  by  palpating  the  eye  with  the  fingers  (digital 
tonometry).  If  this  simple  method  is  practiced  by  physicians  on  healthy 
eyes  they  soon  acquire  the  t actus  eruditus  which  enables  them  readily  to 
distinguish  any  marked  variations  from  the  normal  tension.  The  follow- 
ing  Symbols  are  employed  to  record  the  examiner's  impressipn  as  to  the 
tension  of  a  particular  eye:  T  is  employed  to  indicate  tension;  Tn,  = 
normal  tension.  The  degrees  of  increased  tension  (hypertony)  are 
indicated  by  T  +  1»  noticeably  increased;  T  +  2,  greatly  increased; 
T  +  3,  Stonc-like  hardness.  In  a  like  manner  diminished  tension  (hy- 
potony)  is  designated  by  the  degrees  of  softness  as  T  —  1 ;  T  —  2 ; 
T  — 3. 

Digital  Tonometry  is  performed  by  palpating  the  eye.  The  pa- 
tient  is  directed  to  look  slightly  downward  so  as  to  get  the  Cornea  out  of 
the  way;  then,  the  tips  of  the  two  index  fingers  are  gently  placed  upon  the 
globe  through  the  closed  upper  lid  and  alternately  pressed  against  the 
eye  exactly  as  in  palpating  an  abscess  or  tumor  for  fluctuation  (Fig. 
15).  The  eye  should  not  be  directed  very  far  below  the  horizon, 
otherwise  pressure  of  the  extrinsic  muscles  will  increase  tension.  It  is 
desirable  to  take  tension  behind  the  Cornea  near  the  equator,  to  accomplish 
which,  the  back  of  the  examiner's  fingers  should  just  touch  the  margin 
of  the  orbit.  In  palpating  the  eye  the  fingers  will  be  steadied  if  they 
barely  brush  each  other.  Judgment  as  to  variations  in  the  tension  of 
an  eye  should  be  controlled  by  comparison  with  the  fellow  eye  or  with 
the  normal  eye  of  another  person.  The  normal  eye  dimples  under  the 
fingers  while  in  absolute  glaucoma  it  may  feel  hard  as  stone. 

After  instilling  a  Solution  of  holocaine  and  directing  the  patient  to 
look  upward,  tension  can  be  tested  by  applying  the  fingers  directly  to 
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the  sciera  below  thr  cnmes.    This  mctliod  is  employed  when  the  lids  are 
swollen  or  the  c<iniuncti\'a  chcinotic:  under  any  conditions  it  is  the  most  J 
■ecurate  methcKl  ol   cmploying  digital  toaometry. 

Instri'MKNial    Tonometky  is  pcrfonned  in  two  ways; 

(1)  By  the  manomcter.  ui  instrumcnt  wfaidi  connects  the  Interior 
of  the  eye  dircaly  with  the  mercurial  column  through  a  canula  which  i 
perforates  the  5clm.     Obnously,  this  tncthod,  whtch  alonc  is  acoirate,  i 
cannot  be  emploveJ  clinically. 

(2)  By  the  tonometcr,  an  instnnnem  by  which  intraocular  pressure 
is  estimated  fivnn   the   resistance  which  the  walts  offer  to  extcrnal  in- 
dentation.     Among  the  various  i  tnts  dcsigncd   for   this   purpose  ' 
only  that  of  H.   Schuitt  has  come  general   use    (Fig.    16).     This   ' 


instrument  is  applickl  to  the  come^ 
wIth  a  2  %  Solution  of  hulocain« 
reliable  index  ot    intraot 
doubtful  casct. 


the  latter  has  becn  ancsthetized 
oes  not  dilatc  the  pupJI.  It  Is  s 
jkI   should   be   etnployed   in   all 
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Chapter  II. 
THE  NORMAL  FUNDUS. 

Stereogram  2.  Blond  fundus.  Right  eyeground  of  a  healthy, 
ligfat  complcxioned,  Swedish  girl.  The  fundus  color  is  a  bright  yellowish 
r^  indicating  that  pigment  is  scanty  in  both  retinal  epithelium  and 
choroid.  In  the  macular  region  and  around  the  nerve  the  fundus  darkens. 
The  macula  exhibtts  a  visible  foveai  reflex.  The  choroidal  vessels  are 
in<£stinctly  outlined  but  may  be  recognized  as  red,  anastomosing  bands 
darker  than  the  tntervascular  Spaces.  No  vessels  are  seen  at  the  macula. 
The  optic  disc  is  nearly  circular  in  form  and  of  normal  color.  Both 
choroidal  and  sderal  ring  are  well  defined.  The  retinal  vessels  are 
distributed  in  the  most  conventional  manner.  A  small  dlioretinal  artery 
emerges  from  the  temporal  side  bf  disc  and  is  directed  toward  the 
macula. 

The  fundus  oculi  comprises  that  portion  of  the  eyeground  which  can 
be  seen  with  the  ophthalmoscope.  In  the  normal  eye  this  indudes  a 
little  more  than  the  posterior  hemisphere.  The  ophthalmoscopic  picture  of 
the  fundus  is  created  by  light  reflected  from  the  coats  of  the  eyeball.  The 
Chief  factor  in  its  production  is  the  choroid  and,  to  a  less  extent,  the 
sdera  and  retina. 

ScLERA.  The  sdera  is  composed  of  white  fibrous  connective  tissue 
which,  though  obscured  by  the  red  choroid,  fumishes  a  brilliant  white 
background  which  lightens  the  color  of  the  entire  fundus. 

SuPRACHOROiDEA.  The  sdera  is  connected  with  the  choroid  by  the 
suprachoroidea  or  lamina  fusca,  a  loose  membranous  tissue  arranged  to  act 
as  lymph  spaces.  In  disease  these  Spaces  may  be  enormously  distended 
by  exudates  or  blood.  The  outer  layer  of  the  lamina  fusca  contains 
considerable  pigment,  some  of  which  usually  remains  attached  to  the 
sdera  after  the  choroid  has  been  destroyed  by  disease.  The  supra- 
choroidea exerts  little  influence  upon  the  ophthalmoscopic  picture  except 
whcn  distended  by  pathoIogic  effusions  (Fig.  44). 

Choroid.    The  brilliant  red  coloring  of  the  caucasian  eyeground  is 

produccd  by  the  choroid.    The  choroid  is  the  vascular  coat  of  the  eye. 

The  blood  vessels  are  arranged  in  a  manner  peculiar  to  this  membrane 
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in  Arte  auptneipoted  hyos  (Fi^-  17)-  The  czteraal  ttftr  tmaüta  of 
the  larger  rcsvels.  moctlf  vciba,  «IhA  «aMttaBOK  firady.  TW  vcsKb 
are  onitcd  b^  a  d^cate  «niaa  ciMtaHiüg  p^inorited  oÄ»  aBed  cfaio- 
nutophores.  The  midJit  Isjtr  u  aade  ^  «(  ani^  ««1  vcbcIs.  The 
itromz  contaiiu  twt  fcw  pigiiffrj  cxS».  The  nrr  /sT^r,  ceraed  the 
ihonocapiilaris,  con»i*u  eedfdf  ol  doM^  ■iiiwgiil.  mk  ofOlarieft. 
Kigmcntcd  cdb  ne->~?r  appcar  'm  tlic  cfapriimpBtam  sader  BorHial  mo- 
(fitiomi.  Oo  tts  luntT  surfacs,  tlK  dtoroid  is  tcpanced  fana  the  pigmemed 
epitbdial  lafcr  rji  tdc  rcdna  by  a  faouKtguieamt  daaäc  nmbniM;  the 
Itmims  vitres.  On  che  inner  sorface  oF  the  laaüita  rrtrea  ^  rctmal 
eiMthdiitiii  formi  2  cloie  monk  of  ptgmented,  polygonal  cdb  (Fig.  18). 
Thif  Kxall«!  "  retinal  "  qiitbclfuin  develops  (nxa  the  wne  blastodermk 
laycf  M  the  retins.  buc  anatomicaDT  and  paihoIogkallT  it  ti  a  part  of 
tbe  chofvid.  Tbe  color  and  brilliaacy  of  the  ophdialmoscopic  image  i» 
nKKfified  br  tbe  relative  amount  of  pigment  contained  in  tbe  retinal 
epitbcüinn  and  diromatopbores  of  tfac  cfaoroid.  UsuaUy.  tbe  amount  of 
pigmcnC  in  the  epithelial  layer  corre^raods  to  that  io  tbe  choroid,  bot 
djspropoitiooate  pigmcntation  of  the  two  membrancs  is  not  uacommon. 
As  *  nile,  tbe  fundui  of  a  blond  individual  is  light  in  color  and  of  a 
brünette  dark,  but  exceptions  are  frequenl.  The  foüowing  normal  \-aria- 
tJoiu  in  fundaa  pigmentalion  produce  the  more  famüiar  types  of  eye- 
grotifid*. 

(1)  E«es»ive  pigmentation  of  both  choroidal  ccUs  and  retinal  epi- 
thcltum,  as  io  acgmey  produces  a  poorly  tlluminatcd  fondus,  sUtc  colored 
it  the  potterior  pole  and  chocolate  color  at  the  periphery  (Strgm.  3). 

(2)  A  moderatc  amount  of  pigment  in  the  retinal  epithelium  is 
■ufficient  to  hidc  the  choroidal  vesseU  and  stitl  pcrmit  the  passagc  of  a 
brilliant  reflex  from  the  choroid.  In  such  eyes  the  fundus  has  a  uniform. 
rieh  red  color  fStrgms.  16-29.33-58). 

(3)  U  the  retinal  epithelium  i»  well  pigmented  and  the  choroid  poor 
in  [ngment,  the  epithelium  hecomes  visible  and  the  fundus  appcars  darkly 
•tippled  or  *'  pepperrd  "  (Strgms.  39-67). 

(4)  If  the  retinal  epithelium  is  poor  in  pigment,  the  choroid  can  be 
■een.  In  »uch  ca»c,  if  pigment  is  abundant  in  the  inten'ascutar  spaces  of 
the  choroid,  a  tesKllatcd  or  tlgcrcd  fundus  Is  produced  and  the  choroidal 
veiieUareoflighter  color  ihan  the  background  (Strgm.  S5). 

(5)  If  both  epithelium  and  choroid  are  poor  In  pigment,  the  cho- 
roidal vefiel»  are  darker  than  the  background  and  the  fundus  appears 
reticulatcd  (Strgnu.  2-19-56). 
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(6)  In  albinos  and  cases  of  fundus  depigmentatton,  the  fundus  con- 
tains  no  pigment  and  the  cboroidal  vessels  are  distinctly  seen  sharply 
defined  agalnst  a  yeilowish-white  sclera  (Strgms.  15-26). 

Vessels  of  the  choroid  are  easily  distinguished  from  those  of  the 
retina  by  the  foUowing  peculiarities : 

(tf)  They  increase  In  distinctness  and  do  not  narrow  toward  the 
periphery. 

(b)  They  are  larger  and  more  numerous  than  retinal  vessels. 

(c)  Their  courses  are  erratic.  Croups  of  vessels  frequently  run 
parallel. 

(d)  They  anastomose  with  each  other. 

(e)  Choroidal  vessels  contain  no  central  light  streak  and  arteries 
are  indtstinguishable  from  veins. 

Retina.  The  retina  is  the  inner  or,  as  viewed  with  the  ophthalmo- 
scope,  most  superficial  coat  of  the  eye.  It  is  a  transparent  membrane 
contributing  little  toward  the  normal  coloring  of  thd  eyeground.  The 
retina  simply  lies  upon  the  pigmented  epithelium,  its  only  attachments 
being  around  the  optic  nerve,  and  at  its  anterior  border  where  it  joins  the 
dioroid  by  a  jagged  line  calied  the  ora  serrafa.  Ten  iayers  are  recognized 
in  the  retina,  of  which  the  five  outer  are  termed  neuroepithelial  Iayers 
and  the  five  inner  cerebral  Iayers  (Fig.  19).  The  nerve  elements  of  the 
retina  are  supported  by  a  connective  tissue  framework  of  ectodermic 
origin.  The  principal  members  of  this  framework  are  the  fibcrs  of  Müller 
which  extend  through  the  retina  from  the  internal  limiting  membrane  to 
the  layer  of  rods  and  cones,  where  they  expand  and  form  the  external 
limiting  membrane.  The  macula  lutea,  the  center  of  the  fundus,  is  situated 
about  two  disc  diameters  to  the  temporal  side  of  and  slightly  below  the 
optic  nerve.  This  most  highly  specialized  portion  of  the  visual  organ  is 
the  region  of  acute  vision.  The  macula  is  a  round  or  horizontally  oval 
depression,  about  2  mm.  in  diametcr,  in  the  surface  of  the  retina.  The 
macula  is  formed  by  the  following  modifications  in  the  structure  of  the 
retina.  As  the  retina  approaches  the  border  of  the  macula  the  layer  of 
ganglion  cells  increases  in  thickness  from  a  single-celled  layer  to  a  layer 
eight  or  more  cells  deep  ( Fig.  20) .  Within  the  macula,  however,  all  Iayers 
of  the  retina  fuse  and  decrease  in  thickness  until  at  the  fovea  centralis,  or 
center  of  the  macula,  the  membrane  consists  of  little  more  than  a  layer  of 
cones  and  nuclei. 

For  descriptive  purposes  the  eyeball  is  compared  to  the  earth :  thus, 
it  is  Said  to  possess  an  anterior  and  a  posterior  pole  between  which  is 


14 


THE   FUNDUS  OCUU. 


situated  the  equator.  It  rs  fuither  divided  by  meridians,  as  the  horizontal 
and  the  vertical  meridians.  In  comformlty  with  thls  method  of  orien- 
tation  the  fundus  is  separatcd  into  ill-detined  zones,  i.  e.,  a  posterior  polar 
Zone,  a  poateriür  median  zone  and  an  equatoriat  zone,  etc. 

Stereogram  3.  Nkcroid  Fundus.  Retinal  Light  Reflexes. 
Left  cyeground  of  a  hcalthy  mulatto  boy,  9  years  of  age.  The  color 
of  the  fundus  is  characteristic  of  the  dark-skinned  races  and  is  due  to  an 
exccss  of  pigment  in  the  retinal  epithelium  and  choroid  which  obscures 
the  choroida]  reflex.    The  optJc  disc  and  retinal  vessels  are  normal.    This 


fundus  is  remarkable  for  the  number 
which  play  over  its  surface  and 
radiate  in  a  circlc  from  the  i 
those  of  the  nerve  fibers.     T     .  t 
scmicirde  of  light  which  cha 
mirror. 

Althongh  the  retina  is 
will  reflect  tight,  espectally 
flectioni  from  the  rettnt  ai 
rule,   are  perfectiy  transpai 
eyegrounds.     Retinal  reflexe 
fccble  ilhimination.     Usuall; 
tions  exist  in  their  form  and 
sist  of  fine  silvery  lines  around 
play  over  and  along  the  vessels. 
prcsencc  usually  indicatcs  a   h 
mirror  is  moved,  retinal  reflcxes 
this  way  are  diffcrentiated  from  p; 
macula  being  a  concave  reflecting  surt; 
ingly  difficult  to  examine,  becai 
and  corneal  rcf)exes  fall  direct'«^ 
aminatlon  of  the  macula  is  ai 
subject  is  told  to  look  at  the  tigl 
sees  little  or  nothing,  but  by  brli 
aperture  of  the  ophthalmoscope,  ano 
the  fovea  will  gradually  appear.     1 

which  cirdes  around  the  walls  of  the  foveal  depression.  Vtewed  from 
either  side,  this  reflex  appears  as  a  small  crescent  the  concavity  of  which 
is  always  towards  the  observer;  but  viewed  directly  from  in  front,  it 
appears  as  a  small  ring  w!th  a  diameter  equal  to  that  of  the  largest  vessel  on 


''-illiancy  of  the  light  reflexes 

.  esseis.     Bright,  süvery  rays 

iponding  in  their  courses  to 

foveal  cup  is  marked  by  a 

with  every  movement  of  the 

rmbrane,  usually  invisible,  it 
ities  exIst.  Visible  light  re- 
dren  whose  eye.media,  as  a 

also  well  marked  in  dark 
with  a  concave  mirror  and 

in  adult  life.  Wide  varia- 
most  common  examples  con- 

flashes  of  pale  light  which 

ormal  phenomenon  and  their 

As  the   ophthalmoscopic 

shape  and  position  and  in 
anges  which  are  fixed.  The 
h  in  reflexes  and  correspond- 
1  front  view,  both  macular 
server's  line  of  vislon.  Ex- 
y  the  direct  method.  The 
rror.  At  first  the  observer 
cave  lens  of  O.SD.  Into  the 
steadily  for  a  few  moments, 
htest  macular  reflex  is  that 
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the  disc.  The  macula  is  darker  than  other  parts  of  the  fundus  and  the 
fovea  is  the  darkest  part  of  the  macula.  If  the  fundus  is  deeply  pigmented, 
the  macula  is  uniformly  dark,  but  if  the  retinal  epithelium  contains  little 
pigment,  the  macula  as  well  as  other  parts  of  the  fundus  may  be  stippled. 
It  is  important  to  differentiate  the  normal  stippling  of  a  light  macula 
from  the  patchy  discoloration  of  central,  syphilitic  choroiditis. 

Stereogram  4.  The  Retinal  Vessels.  Left  eyeground  of  a  youth 
in  whom  the  retinal  vessels  are  normal  in  appearance,  and  their  method 
of  distribution  conforms  to  the  usual  scheme.  This  scheme  is  foUowed, 
in  a  general  way,  by  the  majority  of  eyes  but  varies  widely  in  individual 
cases.  The  disc  is  normal  and  contains  a  large  physiologic  excavation. 
Retinal  arteries  are  distinguished  from  veins  as  foUows.  The  arteries 
are  narrower  than  the  veins  and  pursue  a  straighter  course.  The  surface 
of  the  retinal  vessels  reflects  a  central  streak  of  light  the  same  as  any 
polished  cylinder.  On  the  arteries  the  central  light  streak  is  broaB,  bright 
and  reddish  in  color.  On  the  veins  it  is  narrow,  dull  and  white.  There 
has  been  much  incondusive  discussion  as  to  whether  the  central  light 
streak  is  due  to  reflection  of  light  from  the  walls  of  the  vessel,  from 
the  column  of  blood  or  from  the  choroid.  The  distinctions  described  apply 
only  to  large  and  medium  sized  vessels.  The  character  of  a  small 
vessel  must  be  determined  by  tracing  it  back  to  its  source.  Retinal  vessels 
branch  dichotomously  and  diminish  in  size  from  the  disc  to  the  periphery. 
In  this  eye,  as  the  central  artery  emerges  from  the  disc  it  divides  into  the 
ascending  and  descending  papillary  arteries.  Frequently,  this  primary 
division  occurs  within  the  nerve.  The  ascending  artery  bifurcates  to 
form  the  superior  temporal  and  superior  nasal  arteries.  In  a  similar 
manner  the  descending  artery  splits  into  an  inferior  temporal  and  inferior 
nasal  branch.  The  veins  correspond  in  name  and  plan  of  distribution  to 
the  arteries.  In  the  majority  of  cases  the  artery  emerges  from  the  disc 
on  the  nasal  side  of  the  vein.  Several  small  vessels  emerge  from  the 
edge  of  the  disc.  The  temporal  arteries,  which  are  slightly  larger  than 
the  nasal,  sweep  in  wide  curves  around  the  macula  to  which  they  send 
their  principal  branches.  Although  devoid  of  visible  vessels,  the  macular 
region  is  richly  supplied  with  capillaries  except  at  the  fovea  centralis 
which  is  absolutely  nonvascular.  In  fact,  retinal  vessels  in  this  location 
would  be  superfluous  inasmuch  as  the  fovea  consists  only  of  cones  and 
these  are  nourished  exclusively  by  the  choroid.  Springing  from  the 
temporal  side  of  the  disc  is  a  small  artery  distributed  to  the  region  between 
the  nerve  and  macula.    This  is  called  a  cilioretinal  artery  because  it  it 
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supposed  to  arise  from  the  circle  o(  Zinn  or  from  othcr  vessels  connectc<l 
with  the  choroiA  A  true  cilioretinal  artery  is  recognUed  by  the  manncr  in 
whidi  it  hooks  over  the  edge  of  the  disc,  the  stem  being  drrected  outward 
toward  the  choroid.  Exceptionally  thesc  arterics  appear  on  the  nasal 
aide  of  the  nerve  (Strgm.  12).  The  existence  of  cilioretinal  veins  is 
doubtful.  If  they  «ist  they  must  arise  directly  from  the  choroid  aa  the 
posterior  ciliary  system  is  strictly  arterial.  The  majority  of  vessels  which 
emerge  from  the  margin  of  the  disc  arise  from  the  central  vessels  far  back 
in  the  nerve.    In  case  the  central  artery  is  occluded,  a  cilioretinal  artery  may 


permanently  prescrve  a  sr««" 

anomaly,  not  present  in  tl 

from  a  central  retinal  v*' 

which  it  disappears  to  j 
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1  fi^ld  of  Vision.  A  rare  vascular 
)tico-eIliary  vesscl  which  arises 
to  the  edge  of  the  disc  into 
The  retinal  vessels  are  dis- 
Ktina.  The  external  layer  of 
nd  concs  is  nourishcd  by  the 
I  artery  and  central  vein  of  the 
ic  nerve.  The  central  artery 
i  optic  nerve,  in  Company  with 
sball.  The  ccntra!  vein  of  the 
ithalmic.    The  Ophthalmie  vein 

0  communicates  with  the  facial  - 
ihthalmic  and  facial  veins  is  of 

1  a  free  outict  for  the  retinal 
cloggcd.     In  the  head  of  the 

rtomoses  with  vessels  from  the 
iliary  artcries  enter  the  choroid 
and  form  a  ring  in  the  sciera 
Is  known  as  the  drctc  of  Zinn, 
d  of  the  nerve  and  anastomosc 
retina.  These  anastomoses  are 
:hcy  provide  a  feeble  collaterat 
:  central  artery.  Vessels  from 
furnish  a  rieh  capillary  plexus 
:r  emerging  from  the  disc,  the 
im,  f.  e.,  they  do  not  anastomosc 
he  retinal  vessels  are  provided 


with  perivascular  sheaths  which  are  the  lymph  Channels  of  the  retina. 

Pulse  Phenomena.     Pulsation  of  a  vein  upon  the  optic  disc  is  a 
Physiologie  phenomenon  and  is  present  in,  approximately,  75  per  cent  of 
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nMnud  cjcs^  Dondcn  cxplained  its  occurrcnce  as  foUows.  The  cardiac 
lyitolc  drives  che  hlood  wave  into  the  eye,  prodadng  momentary  increase 
io  intraocnlar  pressure,  and  this  rythmic  tncrease  of  pressure  may  be  suf- 
fidcnt  to  empty  che  reins  on  the  diso.  Possibly,  venous  pulsation  may  be 
assisted  by  pulsatory  pressure  variations  in  the  cavemous  sinus.  In  ac- 
cordance  with  the  above  theories,  the  physiologic  venous  pulse  is  diastolic, 
f.  €.,  che  veins  fill  during  cardiac  diastole  and  empty  as  the  pulse  wave 
reacfaes  che  eye.  Another  cxplanadon  of  the  venous  pulse  is  that  either 
in  the  nerve  or  on  the  disc,  the  artery  presses  against  the  vein  and  arterial 
pulsation  is  transmitted  by  contact.  This  would  explain  why  pulsation  is 
prescnt  in  some  cases  and  absent  in  others,  and  why  it  f requently  is  limited 
to  a  Single  vein.  Certainly,  pulsation  always  occurs  in  a  vein  which  is 
visibly  in  contact  with  an  artery.  Venous  pulsation  can  be  produced  in 
normal  eyes  by  lightly  compressing  the  eye  and,  if  the  pressure  is  increased, 
pulsation  appears  in  the  artery  and  the  vein  coUapses.  Pulsation  of  the 
retinal  veins  nuiy  be  of  pathologic  import.  A  positive  or  systolic  venous 
pulse  may  oocur  in  tricuspid  regurgitation.  In  aortic  regurgitation  both 
veins  and  arteries  pulsate.  Pulsation  in  the  retinal  arteries  always  is 
pathologic 

The  systemic  blood  pressure  is  just  enough  Ugher  than  intraocular 
pressure  to  permit  a  smooth  flow  of  blood  through  the  retina  without 
visible  pulsation  of  the  arteries.  If,  however,  either  intraocular  pressure 
rises  above  or  systemic  blood  pressure  falls  below  its  relative  Stand- 
ards, the  inflow  of  blood  is  hindered  and  the  artery  will  pulsate.  Two 
forms  of  arterial  pulsation  are  recognized,  ( 1 )  the  pressure  pulse  which 
appears  only  in  the  arteries  on  the  disc.  It  occurs  in  the  heightened  eye 
pressure  of  glaucoma  and  in  the  lowered  blood  pressure  of  syncopc, 
isdiemia,  etc.  (2)  The  locomotion  pulse,  which  is  manifested  throughout 
the  retina  by  a  distinct  motion  of  the  arteries  seen  wherever  they  make  a 
quick  bend.  Locomotion  pulse  occurs  in  aortic  regurgitation,  where  it  is 
accompanied  by  a  pulsation  of  the  veins  and  by  an  alternate  flushing  and 
paling  of  the  disc.  It  may  occur  also  in  aneurism,  Basedow's  disease  and 
in  the  earliest  stage  of  diffuse  arteriosderosis  when  the  arteries  are  rclaxed 
(Sterg.  29).  Pulsatory  phenomena  may  be  simulated  by  slight  motions  on 
the  part  of  observer  or  subject,  and  the  diagnosis  of  abnormal  pulsation 
should  never  be  made  unless  it  is  distinct  and  unmistakable. 

Stereogram  S.  The  Optic  Nerve.  Optic  Disc  With  Physio- 
logic ExcAVATiON.     Right  eyeground  of  a  boy  12  years  of  age.     The 

case  was  selected  for  Illustration  as  a  good  example  of  the  normal  disc. 

s 
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The  outline  of  the  optic  disc  may  be  either  circular  or  ovaL  The 
long  diameter  usually  is  vertical  or  slightly  tilted;  exceptionally,  it  lies 
transversely.  The  general  color  of  the  disc  is  pink,  the  temporal  side 
being  lighter  in  color  than  the  nasal ;  the  outline  is  somewhat  softened  by 
the  overlying  nerve  fibers,  but  is  well  deiined  in  normal  eyes.  The  majority 
of  nerve  fibers  pass  to  the  nasal  side  of  the  retina;  hence,  this  side  of 
the  nerve  is  less  distinct  in  outline  than  the  temporal;  for  the  same  reason 
the  disc  is  darker  and  redder  on  the  nasal  side.  The  choroid  and  sdera 
usually  contain  an  excess  of  pigment  massed  around  the  edge  of  the  disc, 
forming  a  more  or  less  complete  black  cirde  called  the  choroidal  ring. 
Immediately  within  the  choroidal  ring  is  a  second  ring  of  white  connective 
tissue  which  is  said  to  represent  the  distal  end  of  the  pial  nerve  sheath. 
It  is  generally  called  the  sderal  ring  from  its  supposed  connection  with 
the  sclera.  In  the  stereogram  the  connective  tissue  ring  appears  well 
developed,  but  often  it  is  incomplete  or  absent.  The  lightest  colored 
part  of  the  nerve-head  is  centrally  located  and  marks  the  site  of  a  deep 
depression,  the  vascular  funnel,  a  canal  which  transmits  the  retinal  vessels. 
Usually,  the  vessels  appear  to  sink  and  fade  away  into  the  semitransparent 
tissue  which  fills  the  depression.  Not  infrequently,  however,  this  vascular 
funnel  is  very  wide  and,  as  in  this  nerve,  occupies  a  large  part  of  the  disc 
forming  a  cavity  known  as  a  phystologic  excavation  (Figs.  21-22-23). 
The  formation  of  a  physiologic  excavation  depends  upon  a  sclero- 
choroidal  canal  which  is  too  large  for  the  nerve;  consequently,  the  nerve 
fibers  are  distributed  around  the  wall  of  the  canal  leaving  a  central 
Space.  Physiologic  excavations  vary  in  shape  and  size.  The  most  fre- 
quent  form  is  a  circular,  central  depression  (Stergm.  40).  An  oblique, 
funnel-shaped  excavation,  opening  towards  the  macular  side,  as  shown  in  the 
stereogram,  also  is  common.  Deep  excavations  extend  to  the  lamina  crib- 
rosa  the  perforations  of  which  appear  as  grey  dots  on  a  white  surface. 
The  main  retinal  vessels  usually  climb  up  the  nasal  side  of  a  physiologic 
excavation.  The  macular  vessels,  however,  may  ascend  along  the  temporal 
side.  When  the  center  of  a  disc  occupies  a  lower  level  than  the  margin 
the  fact  may  be  demonstrated  by  the  test  of  parallactic  displacement  as 
follows:  with  the  direct  method  of  examination,  if  the  observer  moves 
his  head  from  side  to  side,  the  bottom  of  the  cup  will  foUow  while 
the  edge  of  the  cup  will  move  in  the  opposite  direction. 

Anatomy.  The  optic  nerve  is  composed  chiefly  of  axis  cylinders 
or  neurons  from  the  ganglion  cells  of  the  retina.  These  neurons,  which 
constitute  the  inner  or  nerve  fiber  layer  of  the  retina,  converge  to  the 
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sderal  foramen  where  they  form  the  optic  nerve  and  pass  to  the  brain. 
The  function  of  the  optic  nerve  is  to  convey  to  the  higher  cerebral  Centers 
the  impressions  gathered  by  the  retina.  The  nerve  also  contains  fibers 
which  convey  impulses  from  the  brain  to  the  eye.  The  optic  nerve  may 
be  divided  into  four  parts:  (1)  The  intracranial,  which  is  about  1  cm. 
in  length  and  extends  from  the  chiasm  to  the  inner  opening  of  the  optic 
canal.  This  portion  of  the  nerve  is  subject  to  pressure  from  tumors  and 
to  constriction  from  organized  inflammatory  exudates;  (2)  The  inira- 
canallicular  division,  which  lies  within  the  optic  canal.  This  canal  con- 
sists  of  a  bony  portion  4  mm.  in  length  and  a  fibrous  portion  which  extends 
into  the  cranial  cavity  for  a  distance  of  2  mm.  Only  the  optic  nerve  and 
Ophthalmie  artery  pass  through  the  optic  canal,  and  it  is  said  that  sclerosis 
of  the  artery  may  cause  pressure  atrophy  of  the  nerve.  The  nerve  is 
Injured  in  the  canal  also  by  Periostitis,  thickening  of  the  bone  and, 
especially,  by  fracture  of  the  orbit  which  tends  to  pass  through  the 
optic  foramen.  (3)  The  orbital  division,  about  30  mm.  in  length,  includes 
that  portion  of  the  nerve  which  extends  from  the  optic  foramen  to  the 
eyeball.  This  sedtion  of  the  nerve  is  very  lax  and  pursues  an  S-shaped 
course  which  permits  free  rotation  of  the  eye  without  rendering  the  nerve 
taut.  (4)  The  intraocular  division  of  the  nerve  comprises  that  portion 
of  the  nerve  which  plerces  the  sclera  and  choroid.  It  measures  about 
1.25  mm.  in  length.  The  so-called  sderal  foramen,  through  which  the 
nerve  passes  into  the  eye,  consists  of  numerous  small  holes  in  the  inner 
layers  of  the  sclera,  forming  a  sieve-like  partition  known  as  the  lamina 
cribrosa.  The  externa!  fibers  of  the  sclera  do  not  enter  into  the  formation 
of  the  lamina  but  are  reflected  backward  and  become  part  of  the  dural 
sheath  of  the  nerve.  Inasmuch  as  the  lamina  cribrosa  is  composed  of 
unyielding  fibrous  tissue,  it  is  instrumental  in  causing  congestion  and 
edema  of  the  ncrve-head.  That  portion  of  the  optic  nerve  situated  in  front 
of  the  lamina  cribrosa  is  ophthalmoscopically  visible  and  constitutes  the 
optic  disc  or  papilla.  The  name  **  papilla  "  is  a  survival  of  early  ophthal- 
moscopic  days,  when  the  head  of  the  nerve  was  erroneously  supposed  to 
project  into  the  eye.  In  normal  eyes  the  optic  disc  is  level  with— or  below 
the  surrounding  fundus.  In  the  optic  canal  and  orbit  the  nerve  is  enclosed 
by  extensions  of  the  cerebral  membranes,  i.  e.,  the  dura,  arachnoid  and  pia. 
The  central  artery  and  vein  of  the  retina  enter  the  nerve  about  10  mm. 
behind  the  globe;  therefore,  compression  or  injury  of  the  nerve  posterior 
to  this  point  does  not  affect  retinal  circulation. 
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Strreooram  6.  CoLOBOMA  OF  THE  Choroid.  Right  eycground  of 
b«f  12  ycari  of  agc.  Left  eye  is  normal.  On  his  right  sldc  the  patient 
ha»  rudimcntary  auricle,  paresis  of  thc  seventh  nerve,  coloboma  of  the  iris, 
Un*  and  churoid.  Contrary  to  the  rule,  the  coloboma  of  the  choroid  is 
Miriy  circular  in  outline.  It  presents  an  extensive,  bluish-white  surfacc 
ritendinij  from  the  center  of  the  disc  downward  and  outward.  The  out- 
tvxrd  dcviation  appears  to  be  caused  by  rotation  of  the  eyeball.  The 
lüwer  half  of  thc  optic  disc  is  included  in  the  imperfection.  The  adjaccnt 
fundui  is  stronKly  pigmented.  The  coloboma  forms  a  craterform  de- 
prcilion  in  the  fundus  about  2  mm.  {6.D.)  below  the  normal  level.  On 
thc  floor  of  thc  dcpression  are  two  small,  oval  ectasiffi.  The  neighboring 
fundu$,  incjuding  the  optic  nerve,  appears  to  slope  Into  the  pit.  Thc  retinal 
vmkU  inake  wide  detours  and  skirt  along  the  margin  of  the  coloboma  as 
fhough  thcy  had  bcen  pushed  aside.  The  defect  is  covcred  by  retinal 
fivHie,  R«  ihown  by  a  medium-sized  retinal  vessel  which  crosses  from 
ibovB  d'iwnward  and  outward.  The  branching  vessel  which  enters  the 
M/lohofflH  through  the  floor  abovc,  probably  is  a  ciliary  artery,  while  the 
fVMIjUr  toopg  which  push  in  along  the  edge  are  from  the  neighboring 
f-iittroid.  Thcrc  appears  to  be  dim  perception  of  light  throughout  the 
knUihQtnttiiwt  area,  indicating  the  presence  of  retinal  Clements. 

Coliihorna  of  the  choroid  is  a  congenital  gap  in  the  membrane  due  to 
«rrnifviJ  devclopmctit.  The  sclera  is  exposed  in  the  defect  and  presents  a 
UfHWmH  white  or  bluish-white  surface  on  which  spots  of  pigment  are  not 
imminmiin.  Thc  typical  coloboma  of  the  choroid  is  situated  near  the 
ItifAhn  IImp  liclow  thc  optic  nerve.  The  smallest  coloboma  I  ever  saw  was 
ili»nit  (wire  thc  dinmcter  of  thc  optic  disc  (colored  plate  1),  and  thc 
iiftUftt  (overed  ncnriy  half  the  fundus.  As  a  rule,  a  bridge  of  choroidal 
MM'(0  M|>Nr)itrB  tlie  defect  from  the  disc,  but  not  infrequently  the  nerve  also 
it  ihVliivfii  foloboma  of  thc  choroid  usually  occurs  in  connection  with 
H4t4Hi»iti  'tf  Hic  Irin  or  other  malformation  (Fig  24).  Coloboma  of  thc 
Unt  U  fr/frri  miorliitcd  but  usually  Is  overlooked,  as  it  may  consist  of  only 
ii  limiil  NNttiinlng  It  the  Iower  edge.  Frequently,  the  cornea  is  vertically 
20 
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oval  or  pointed  below.  Researches  have  shown  that  coloboma  of  the 
choroid  it  cmincntly  hcrcditary.  The  typical  outline  of  thc  impcrfection 
ts  a  veitical  oval  or  an  obtusely  angled  triangle  with  the  apex  toward  the 
dita  Rarely  it  is  round  or  the  long  diameter  is  directed  transversely.  In 
•ome  fetal  eyes  both  choroid  and  sdera  are  so  defective  that  the  intraocular 
tissues  grow  outward  and  form  a  large  sac  below  the  eye,  while  the 
eyeball  remains  very  small  (microphthalmus  with  sac).  Eyes  with  colo- 
boma of  the  choroid  usually  are  small.  The  refraction,  however,  is 
m3ropic  owing  to  the  ectasia  of  the  sclera.  As  a  nile,  some  perception  of 
light  exists  in  the  colobomatous  region. 

The  diagnosis  of  typical  coloboma  of  the  choroid  presents  no  diffi- 
culties,  but  atypical  cases  cannot  always  be  differentiated  f rom  old  cicatrices. 


Coloboma  of  the  Choroid.        i 

Congenital  malformation. 

Is  below  the  level  of  the  fundus. 

Usually,  a  Single  def  ect. 

Situated  below  nerve  near  median 
line. 

Alwajrs  much  larger  than  the  optic 
disc 

Outline  symmetrical.  Usually,  ver- 
tically  oval. 

Frequently  associated  with  colo- 
boma of  iris  nerve  or  other  ocu- 
lar  malformation. 

Usually    represented    by    relative 

scotoma  in  visual  field. 
Seidom  aflfects  both  eyes. 


CiCATRIX  OF  THE  ChOROID. 

Results  from  disease  or  trauma. 
Is  level  with  fundus. 

Usually,  more  than  one  lesion. 

Situated  anywhere  In  the  fundus. 

May  be  of  any  size. 

Usually  circular   or   irregulär   in 
outline. 

Not  associated  with  congenital  de- 
fects. 

Represented  by  absolute  scotoma. 
Frequently  present  in  both  eyes. 


In  typical  rupture  of  the  choroid  a  crescentic  area  of  sdera  is  exposed, 
concentric  with  the  optic  disc.  Rupture  is  further  differentiated  from  colo- 
boma by  a  history  of  injury. 

Stereogram  7.  Coloboma  of  Choroid  and  Optic  Nerve.* 
Russian  girl  11  years  of  age.  Right  eye  normal.  Left  eye  presents  an 
enormous  coloboma  of  the  choroid  which  includes  the  lower  third  of  the 


*  From  thc  scrvicc  of  Dr.  J.  Scott  Wood,  Brooklyn  Eye  and  Ear  Hospital. 
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fundus,  the  optic  nerve  and  the  macula.  Its  posterior  extremity  extends 
beyond  the  optic  nerve  and  its  anterior  border  beyond  the  limits  of  the 
ophthalmoscopic  field.  The  edge  of  the  coloboma  is  sharp  cut  as  though 
the  choroid  had  been  punched  out  with  a  die.  It  is  framed  by  a  border 
of  dense  pigment,  and  pigment  anomalies  are  seen  in  the  surrounding 
fundus.  The  floor  of  the  coloboma  is  about  1  mm.  (3.D.)  below  the 
level  of  the  fundus.  Its  surface  is  broken  by  several  pits  and  Channels. 
The  entire  coloboma  is  covered  with  loose,  web-like  tissue,  evidently 
imperfectly  formed  retina.  Posteriorly,  this  tissue  is  thick  and  contains 
retinal  vessels;  anteriorly,  it  is  tenuous  and  transparent.  Filmy  mem- 
branes  and  dense  tangles  of  tissue  containing  pigment  extend  out  from  the 
margin,  and  web-like  bands  Stretch  across  the  gap.  The  optic  disc  is 
not  apparent,  but  its  site  is  indicated  by  the  retinal  vessels  which  con- 
verge  to  a  point  in  the  dense  tissue  of  the  coloboma.  These  vessels  can 
be  traced  from  their  origin,  across  the  pigmented  border,  out  into  the 
retina.  In  the  lower  part  of  the  coloboma,  the  large  vessel  which  emerges 
from  the  pigmented  border  and  extends  across  the  pit  is  known,  from  its 
manner  of  branching,  to  be  from  the  choroid. 

Pathogenesis.  Various  theories  have  been  advanced  to  explain  colo- 
boma of  the  choroid,  none  of  which  have  been  established.  The  Situation 
of  the  defect,  along  the  median  line  below  the  disc,  corresponds  to  the 
fetal  cleft  in  the  secondary  optic  veside.  Hence,  it  was  assumed  that 
coloboma  of  the  choroid  resulted  whenever  this  cleft  failed  to  unite. 
Unfortunately  for  this  simple  theory,  the  secondary  optic  vesicle  represents 
the  retina  and  the  choroid  does  not  develop  from  this  layer  ( Fig.  25 ) .  Fur- 
thermore,  the  secondary  optic  vesicle  is  situated  internal  to  the  choroid 
and  has  been  found  perfectly  united  in  many  cases  of  coloboma  of  the 
choroid.  The  choroid  develops  from  the  blastoderm,  forms  a  vascular 
coat  external  to  the  retina,  and  possesses  no  fetal  cleft  (Fig.  26). 
Another  argument  against  the  theory  that  coloboma  is  due  to  nonclosure 
of  the  fetal  cleft  is  the  occasional  occurrence  of  coloboma  on  one  side 
of ,  or  even  above,  the  nerve,  v.  Hippel  calls.  attention  to  the  influence  of 
the  vitreous  upon  the  formation  of  coloboma.  If  the  vitreous  is  scanty 
the  retina  does  not  get  spread  out  but  lies  in  folds  some  of  which  may 
fall  into  the  fetal  cleft.  This  accident  or  the  persistence  of  mesoblastic 
tissue  In  the  cleft,  is  sufficient  to  prevent  development  of  the  choroid 
at  this  point.  Treacher  Collins  and  W.  Lang  attribute  all  cases  of 
choroidal  coloboma  to  abnormal  adhesions  between  the  mesoblastic  cho- 
roid and  epiblastic  retina.     Prenatal  inflammation  has  been  widely  ac- 
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cepted  as  a  cause  for  coloboma,  but  microscopic  examinations  have 
failed  to  discover  any  evidence  of  inflammatory  action.  Furthermorc, 
typical  coloboma  Is  an  hereditary  anomaly  and  nearly  always  occurs 
in  a  ccrtain  Situation,  two  facts  which  are  inconsistent  with  either  accidental 
or  inflammatory  origin.  For  certain  atypical  cases,  however,  an  ex- 
planation  may  be  found  in  prenatal  inflammation.  Landman  reported  a 
casc  of  absence  of  the  choroid  in  both  eyes  and  attributed  the  imperfection 
to  cmbryologic  obliteration  of  the  posterior  ciliary  arteries.  Atypical 
coloboma,  i.  e.,  occurring  elsewhere  than  below  the  nerve,  has  been  ex- 
plained  on  the  supposition  that  certain  eyes  may  possess  two  fetal  clefts, 
a  opndition  which  has  been  observed  in  some  of  the  lower  animals. 
Notwithstanding  our  present  inability  to  explain  the  method  in  which 
coloboma  of  the  choroid  is  formed,  its  location  along  the  line  of  the  fetal 
cleft  is  a  potent  argument  that  some  fault  in  the  cleft  is  instrumental  in 
arresting  dcvelopment  of  the  choroid  at  this  place.  Microscopic  examina- 
tions of  colobomata  of  the  choroid  shotv  that  the  defect  is  almost  invariably 
covcred  by  more  or  less  imperfectly  formed  retina  which  may  consist  of 
all  layers  or  of  only  a  single  layer,  the  membrana  limitans  interna  (Figs. 
27-28).  Absence  of  the  retina  over  a  coloboma  cannot  be  determined  by 
ophthalmoscopic  examination. 

Stereogram  8.  Coloboma  of  the  Macula.  Right  eyeground  of  a 
girl  16  years  of  age.  Left  eye  normal  in  all  respects.  Right  eye  possesses 
only  pcripheral  vision.  Central  light  perception  cannot  be  demonstrated. 
The  macular  region  is  occupied  by  a  horizontally  oval  defect,  of  about 
two  discs*  diameter,  evidently  a  coloboma  of  the  choroid.  The  fundus 
contains  no  other  imperfection  or  evidence  of  diseaSe.  The  floor  of  the 
coloboma  consists  of  bluish-white  sclera,  depressed  about  0.3  mm.  (I.D.) 
below  the  plane  of  the  fundus.  Dense  masses  of  pigment  encircle  the 
defect  and  cross  its  surface. 

The  great  majority  of  choroidal  colobomata  foUow  the  line  of  the 
fetal  cleft  as  shown  in  stereograms  6-7.  Occasionally,  however,  atypical 
cases  of  this  malformation  occur  situated  elsewhere  than  below  the  disc. 
Among  others,  the  foUowing  examples  of  atypical  coloboma  have  been 
reported:  coloboma  of  choroid  and  iris  outward;  coloboma  of  choroid 
and  iris  inward;  of  choroid  in  one  direction  and  of  iris  in  another;  bilateral 
coloboma  outward;  coloboma  upward,  etc.  The  most  common  atypical 
coloboma  of  the  choroid  occurs  at  the  macula.  In  this  Situation  the  defect 
usually  is  elliptical,  the  long  diameter  directed  horizontally;  rarely  it  is 
round,   rhomboid  or  triangulär  in  outline.     Its  size  ranges   from  two 
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to  «X  Sk  (Sanvctm.  Gcmmc  oses  pRK^  thc  >|ipcanace  oF  tyjncal 
coloboouL.  L  c,  dte  nnrpii  ■>  ^■■H'^T  ■u^c'  «i^  |*t^"—"^.  tbe  sorface 
ttHuIlT  i«  dqirnscd  sad  may  he  ctomeiI  bf  «cadk  sr  pi^mm. 

DL^G^'0&ls.  Xstal  hMBUniuigB  or  inwijt  of  Ac  cboraid  n»T  re- 
flult  in  dcatricn  dut  caniac;  mA  cereüit^  W  «SfcraHtüted  frotn  axi- 
genital  atloboma.  An  tvmMJMrA  cninfcw*  of  thc  ins  is  dK  best  evidcnce 
tbat  die  dioroidal  dcfnx  s  a  mliocaaiiBB  aad  noc  a  deatrii.  Cxtcs  in 
whicfa  the  fondus  conczin»  otker  leäoea,  e^eöaDr  thoae  of  cknorvtüntis. 
cannot  be  acrepted  u  gcmane:  Thcre  b  w— ctiiuLu  a  tcndeocy  for  colo- 
bomatons  eyes  to  rotste  oa  dKir  aattropasteniMr  aoäs  (toracm)  :  tbereforc, 
thc  Position  of  thc  ere  sfamrid  bc  detetBuoed  bcfore  deädb^  that  the 
dircctioo  of  a  coloboma  Is  atyptcaL 

StEBEOGILUI  9.     COLOMMA  Of  IC      'eIVE  ÄND  XeäTE  ShEATH.* 

Right  eycground  of  a  woman  ui  Vision  is  20,'iO.    The  oph- 

thalmoscope  m-cals  a  colobo  m  iavolvTng  the  opöc  nenrc. 

~'  "  "  td  and  depnssed.    The  dc- 

qMMed  sdera.  lerd  with  the 
1 1^  a  ring  of  black  ptgment. 
I  gratluatly  slopn  downward 
tke  ca\~itT  rcsen^Iing  a  glau- 
i£p  and  disappear.  Details 
«  which  fills  thc  deprcssion. 
imo  thrce  parts  as  follows: 
pinkish  disf.  situBted  abore; 
.1,  which  pouess  a  bluish-white 
canal  and  sheaths  of  the  nerve 


71k  area  of  the  ditc  appe 
pression  is  soirounded  by 
surrounding  fundus  frora  i 
The  pit  of  thc  coloboma  ia 
and  backward,  tcrminating 
comatous  excavation  into 
are  indistinct  owing  to  a  s 
The  sarface  of  che  colobom«  n 

(1)  the  nerve  head.  reprcsenteii 

(2)  tbe  surrounding  floor  and  w:„ 
color  and  represcnt  a  defcct  in  thc  sei* 

(coloboma  of  the  nen-e  sheaths) ;  (3)  the  white  zone  aad  pigmcnt  ring. 
The  line  of  pipnent  marks  the  limit  of  the  chorold;  thcreforc,  thc  white 
zone  is  a  defcct  or  cnloboma  in  the  choroid.  The  grcatcst  dcpth  of 
the  coloboma  is  1.3  mm.  f4.D-). 

Several  malformatloni  invoh-ing  thc  hcad  oi  the  ner\'e  arc  grouped 
under  the  name  of"  coloboma  of  thc  ner\*e."  These  are:  (a)  Coloboma  of 
the  choroid  which  includes  thc  nen-e:  (b)  Coloboma  of  the  ner\-e  sheaths 
formed  by  enlargement  of  the  scieral  canal  and  dilatation  of  the  sheaths. 
In  thete  casee  the  sheaths  arc  not  closed  in  front  by  normal  sdera,  netther 
it  the  coloboma  covered  by  choroid;  (r)  Coloboma  limited  to  the  nerve. 
In  fetal  life  thc  Iower  surface  of  the  optic  nerve  contalns  a  cleft  through 
which  the  central  vessels  enter.    Failure  of  this  cleft  to  dose  constitutes 

*'Pf'^  *•>«  tenrfce  oi  Dr.   DaTM  Wcbat«r,   UanhatUn   Eye,  E«r  and  Thraat 


FiK-  UT — Coloboma  of  Cli 
FiB-  38— Coloboma  of  Ch. 
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a  tnic  coloboma  of  the  nerve.  On  closure  of  the  fetal  cleft,  if  the  retinal 
vessels  arc  excludcd  from  the  nerve  they  are  replaced  by  ciliary  vessels 
which  enter  the  eye  around  the  pseudo-disc,  usually  below.  Fuchs  regards 
the  common  inferior  crescent  of  the  optic  disc  (Stergm.  10)  as  a  fcebly 
developed  coloboma,  a  view  which  has  not  been  universally  accepted.  The 
scheme  of  distribution  of  the  retinal  vessels  in  coloboma  of  the  nerve  has 
been  divided  by  Casper*  into  three  classes  as  foUows: 

(1)  All  vessels  emerge  from  the  lower  part  of  the  coloboma  or 
pseudo-disc. 

(2)  Vessels  emcrgc  from  near  the  center  of  the  disc  and  are  dis- 
tributed  in  a  normal  manner. 

(3)  Vessels  enter  the  eye  around  the  periphery  of  the  coloboma 
(ciliary  vessels). 

Colobomata  of  the  nerve  and  its  sheaths  present  the  most  varied 
ophthalmoscopic  pictures.  The  defective  area  varies  in  size  from  two 
to  twcnty  disc  diameters.  Usually,  the  depressed  portion  is  deepest 
below.  Local  ectasise  in  the  walls  of  the  coloboma  are  frequently  ob- 
scrved.  Tnic  colobomata  limited  to  the  nerve  occur  as  holes  in  the 
disCj  quite  difierent  from  a  glaucomatous  or  physiologic  excavation.  The 
"  punched-out "  hole  sometimes  seen  in  the  disc  is  regarded  by  Lindsay 
Johntont  as  a  vestigal  trait.  A  similar  formation  occurs  normally  in 
the  optic  nerve  of  the  elephant.  Coloboma  of  the  nerve  usually  is 
associated  with  coloboma  of  choroid,  iris,  lens  or  some  other  ocular  mal- 
formation.  It  is  said  to  exist  in  20  per  cent  of  microphthalmic  eyes. 
Vision  may  be  nearly  normal ;  usually,  however,  it  is  very  defective.  En- 
largement  of  the  normal  blind  spot  corresponds  to  the  size  of  the  coloboma. 

I  found  the  foUowing  example  of  the  nerve  and  sheaths  in  the  eye  of 
an  Infant  who  died  three  weeks  after  birth :%  Diameter  of  the  globe  was 
14  mm.  Microscopic  examination.  Anterior  hemisphere  contains  no  mal- 
formation.  Immediately  below  the  head  of  the  optic  nerve  is  a  large  pit 
formcd  by  bulging  of  the  dural  sheath  and  external  fibers  of  the  sdera. 
Most  of  the  internal  layer  of  scleral  fibers  stop  abruptly  at  the  edge  of 
the  pit.  At  onc  side,  however,  a  bündle  of  fibers  continues  for  a  short 
distance  ovcr  the  pit  and  thcn  sharply  bends  forward  to  form  a  column  of 
conncctivc  tissue  (Flg.  29)  in  the  vitreous.  Evidcntly,  these  Strands  of 
conncctive  tissue  rcpresent  the  lamina  cribrosa  which  has  made  an  abortive 

♦  Casper,  Dissertation,  Bonn,  1887. 
t  Lindsay  Johnson,  Pocket  Atlas,  etc. 

jFrom    the   laboratory   of    the    New    York    Post    Graduate    Mcdical    School    and 
Hospital. 
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attempt  to  bridge  the  chasm.  The  optic  nerve  contains  the  retinal  vessels 
and  is  well  formed  except  at  its  ocular  end  where  it  dips  downward  into 
the  colobomatous  excavation  (Fig.  30).  The  retina  preserves  its  normal 
structure  until  it  arrives  at  the  pit  into  which  it  enters  and  forms  a 
tangled  meshwork  above  the  nerve  fibers.  The  choroid  ends  at  a  short 
distance  from  the  edge  of  the  pit,  leaving  a  zone  of  sdera  uncovered. 
DiAGNOSis.  Coloboma  limited  to  the  nerve  appears  as  holes  or  defts 
in  the  disc,  usually  situated  below.  A  small  coloboma  limited  to  the  nerve 
and  sheaths  may  present  a  siiperfidal  resemblance  to  glaucomatous  ex- 
cavation. Reference  to  the  following  table  will  show  the  essential  points 
in  which  the  two  conditions  diff er : 


Coloboma  of  Optic  Nerve  and 

Sheaths. 

In  the  absence  of  congenital  mal- 

formations,  the  external  aspect 

of  the  eye  is  normal. 
Eye  tension  normal. 
Congenital  malformation. 
Non-progressive. 
Visual  field  shows  only  enlargement 

of  normal  blind  spot. 
Usually  unilateral. 
No  pain  or  inflammation. 
Vessels  not  diseased  but  are  distrib- 

uted  anomalously. 
Anatomie  landmarks  disturbed. 
Disc  varies  in  color.    Lamina  crib- 

rosa  not  seen. 


Glaücoma. 


The  eye  presents  the  glaucomatous 

aspect. 
Tension  increased. 
Disease  of  adult  life. 
Progressive. 
Characteristic  contraction  of  nasal 

field. 
Both  eyes  affected  though  in  vary- 

ing  degrees. 
Even   cases   of   simple   glaücoma 

may,  at  times,  suffer  pain. 
Vessels  diseased  but  are  normally 

distributed. 
Landmarks  undisturbed. 
Disc  grey  in  color  and  atrophic. 

Lamina    markings   usually   dis- 

tinct. 


Stereogram  10.  Inferior  Optic  Crescent  (Congenital  Crescent; 
Inferior  Staphyloma:  Fuchs'  Coloboma:  Conus  nach  unten).  Right 
eyeground  of  a  girl  19  years  of  age.  Similar  conditions  exist  in 
both  eyes.  Has  hyperopic  astigmatism.  With  correcting  glasses  the 
Vision  remains  slightly  subnormal.  The  optic  disc  presents  the  only  ab- 
normality  in  the  fundus.  The  nerve  head  is  reddened.  Adjoining  the 
disc  below,  is  a  broad,  white  crescent.  The  crescent  is  not  depressed  and 
the  retmal  vessels  cross  its  surf  ace  without  bending.    The  pigmcnt  which 
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surrounds  the  top  and  sides  of  the  disc  is  continued  around  the  crescent, 
so  that  the  latter  appears  to  form  part  of  the  nerve  head. 

The  above  description  is  applicable  to  all  well  developed  cases  of 
congenital,  inferior  conus  or  crescent  of  the  disc.  A  congenital  crescent 
may  appear  around  any  portion  of  the  nerve  but  the  great  majority  are 
directed  downward.  In  physiologic  excavation  the  cup  always  opens 
toward  a  conus  when  the  two  conditions  are  associated.  When  a  disc 
with  inferior  crescent  also  has  a  connective  tissue  ring,  the  ring  and  crescent 
are  continuous.  As  a  nile,  inferior  crescent  occurs  in  eyes  with  refractive 
errors  and  slightly  subnormal  vision. 

Although  inferior  crescent  is  a  common  condition,  its  anatomic  struc- 
ture  is  undetermined.  Probably,  similar  ophthalmoscopic  pictures  are  pro- 
duced  by  differing  conditions.  The  relation  of  inferior  to  temporal 
(myopic)  crescent  is  uncertain;  at  all  events,  they  are  dinically  regarded  as 
independent  conditions.  Temporal  crescent  is  almost  constant  in  myopia, 
but  inferior  crescent  is  common  in  hyperopia  and  hyperopic  astigmatism. 
Fuchs  regards  the  inferior  crescent  as  an  incomplete  coloboma.  If  so, 
it  differs  f rom  undoubted  colobomata  in  seldom  being  associated  with  other 
formative  defects.  Elschnig  would  limit  the  term  "  coloboma  "  to  those 
defects  which  are  depressed  below  the  level  of  the  disc.  He  regards  all 
crescents  as  congenital  even  though  they  progressively  increase  in  size. 
Frost  States  that  inferior  crescent  is  an  unperforated  portion  of  the  lamina 
cribrosa;  in  support  of  which  he  points  out  that  conus  always  occurs 
within  the  limits  and  at  the  expense  of  the  disc.  The  reddened  disc  he 
attributes  to  crowding  of  the  nerve  fibers  into  insufficient  space.  Other 
theories  of  origin  are:  (1)  exposed  sdera;  (2)  exposed  inner  surface  of 
nerve  sheath;  (3)  congenital  absence  of  the  choroid. 

St£R£OGRAM  11.  Opaque  Nerve  Fibers  (MeduUated  Nerve 
Fibers).  Left  fundus  oculi  of  man,  48  years  of  age.  Similar  ophthalmo- 
scopic pictures  are  presented  by  the  two  eyes.  Central  vision  in  each  eye 
is  normal.  The  visual  fields  show  enlargement  of  the  physiologic  blind 
spot. 

Left  Eyeground.  Extending  into  the  retina  from  the  upper  and 
lower  margins  of  the  disc  are  large,  white,  striate  patches  terminating  in 
delicate  filaments,  resembling  brush-strokes  of  white  enamel.  These  patches 
are  typical  opaque  nerve  fibers.  Additional  fibers  are  scattercd  along  the 
inner  and  outer  margins  of  the  nerve  and  a  soHtary  wisp  is  observed 
around  the  inferior  temporal  artery.  The  fibers  become  opaque  first 
near  the  periphery  of  the  disc.     They  pass  behind  and  in  front  of  the 
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retinal  vetieU,  obscuring  or  complctely  hiding  them.  Although  thc 
vcsseU  appear  embedded  in  solid  tissue,  their  drculation  is  in  no  way 
disturbed.  The  disc  appears  unduly  red,  but  this  is  an  artcfact  produced  by 
contrast  with  the  brilliant  white  nerve  fibers, 

The  nerve  fibers  which  compose  the  optic  nerve  have  no  neurilemma, 
but  each  fiber  is  medulUted,  i.  e.,  it  is  endosed  by  the  fat-like  substance 
known  as  the  myelin  sheath.  At  the  lamina  cribrosa  the  nerve  fibers  lose 
this  myelin  sheath  and  only  naked  axis  cytinders  enter  the  eye.  The  Utility 
of  this  change  is  obvious,  inasmuch  as  medullated  fibers  are  opaque, 
while  non-medullated  fibers,  desiirnf^  f""  •■*>«  retina,  are  perfectly  trans- 
parent.    It  may  happen,  as  " 


passing  into  the  eye,  are  agai 
may  be  continued  from  the 
In  the  retina  the  opaque  fibi 
bluish-white  Striae.     Opaque 
bit's  retina,  and  in  man  thc 
Throughout  the  nervous  sj 
from  Center  to  periphery, 
of  the  optic  nerve  is  not  \ 
consequently,  opaque  nerve 
congenita].     Intraocular  m 
thalmoscopic  picture  freque 
condition.     In  the  great  ma, 
the  optic  nerve,  usually  at  tl 
are  confined  within  the  bordc 
neighboring  fundus  are  norm 
fibers  appeirt  on  the  surface  „. 
tsolated  fiber*  usually,  but  i  vi 

TTie  number  of  opaque  nen 
«gnificant  patch,  which  may 
Eone  completely  encircling  th 
distribuCed  around  the  nerve 
dpient  neuritis. 

One  or  both  cyes  may  bc 
cases  seldom  are  symmctrically  l.w.. 
occupied  by  opaque  nerve  fibers.  If 
side  of  the  nerve  vision  may  he  reduced.  but  ordinarily  they  are  so 
situated  as  to  cause  no  functional  disturbance.  The  anomaly  appeara  to 
be  hereditary  and  frequently  affects  several  members  of  a  famüy. 


it  certain  nerve  fibers,  after 
I  myelin  sheath  or  the  sheath 

the  lamina  into  the  retina. 
ncopically  visible  as  brilliant, 
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In  other  cases  the  disc  and 
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ise  transparent  retina.  Such 
»ppear  thin  and  translucent. 
1  different  cases  from  an  In- 
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the  retinal  striation  of  in- 


e  frequently  both.  Bilateral 
llindness  extsts  In  those  areas 
are  abundant  on  the  macular 
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DiAGNOSis.  Patches  of  opaque  nerve  fibers  disconnected  from  the 
disc  are  especially  apt  to  be  mistaken  for  a  manifestation  of  disease.  They 
are  recognized  by  their  filamentous  structure,  radial  direction  and  by  the 
manner  in  which  they  run  over  and  under  vessels  without  affecting  the 
circulation.  As  distinguished  from  striations  around  a  choked  disc,  opaque 
nerve  fibers  are  sharply  circumscribed  and  brilliantly  white:  Furthermore, 
they  are  not  accompanied  by  swelling  of  the  nerve-head,  engorgement  of 
veins,  hemorrhage  or  edema,  all  of  which  belong  to  the  dinical  picture 
of  choked  disc.  Opaque  nerve  fibers  are  readily  differentiated  from  cho- 
roidal  disease  by  their  superficial  Situation.  In  albuminuric  retinitis  small, 
fluffy,  striate  exudates  may  occur  between  the  nerve  fibers,  but,  usually, 
they  are  accompanied  by  other  exudates  and  by  vascular  degeneration. 
The  large  '*  snowbank  "  exudate  which,  in  albuminuric  retinitis,  sometimes 
involves  the  optic  nerve,  never  presents  the  compact,  white,  shining  surf  ace 
of  opaque  nerve  fibers.  Retinal  light  reflexes  differ  from  opaque  nerve 
fibers  in  that  they  are  widely  distributed  and  they  appear  and  disappear 
on  changing  the  position  of  the  ophthalmoscopic  mirror. 

Stereogram  1 2.  Prepapillary  Retinal  Artery.  Left  eyeground 
of  a  boy  which,  among  other  physiologic  variations,  presents  a  beautiful 
vascular  anomaly.  Retinal  and  choroidal  pigment  is  scanty  throughout  the 
fundus.  The  region  around  the  disc  which  usually  contains  an  excess  of 
pigment,  is  almost  completely  depigmented.  A  curious  "  pseudo-conus  " 
exists  on  both  sides  of  the  nerve.  The  eye  is  hyperopic  and,  as  is  common  in 
this  condition,  the  retinal  vessels  are  rather  tortuous.  Three  vessels  which 
emerge  from  the  margin  of  the  disc,  hook  over  its  edge  in  a  manner 
characteristic  of  cilioretinal  vessels.  The  most  striking  feature  in  the 
fundus  is  a  vascular  loop,  twisted  like  a  rope,  which  projects  from  the  disc 
into  the  vitreous  for  a  distance  of  2.6  mm.  (S.D.).  It  originates  close  to 
the  central  vein  but  in  color  resembles  an  artery.  The  base  of  the  loop  is 
enclosed  in  connective  tissue.  The  loop  undergoes  strong,  systolic  pulsa- 
tions  during  which  its  anterior  extremity  rises  in  the  vitreous  and  the  entire 
coil  appears  to  elongate. 

Although  the  distribution  of  retinal  arteries  conforms  to  a  general 
plan,  the  widest  variations  in  their  arrangement  exist  upon  the  disc.  Fre- 
quently  an  artery  and  vein  entwine,  a  vein  is  twisted  about  an  artery 
(Stergms.  11-33),  or  a  vessel  may  coil  upon  itself.  Vessels  may  leave 
the  nerve,  form  a  loop  and  re-enter  it  again.  Hirschberg  reported  a  case  in 
which  a  prepapillary  artery  entered  the  vitreous  where  it  broke  into 
numerous  branches  which  entcred  the  peripheral  parts  of  the  retrna. 
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DiAGNOSis.  Preretinal  vessels  usually  are  confounded  with  the  per- 
sistent hyaloid  artery  from  fetal  life.  Examples  of  the  two  anomalies 
which  I  have  seen  present  essential  difierences.  The  preretinal  artery  is  a 
well  formed  vessel  which,  after  its  excursion  into  the  vitreous,  returns  to 
the  nerve.  This  vessel  presents  every  appearance  of  having  always  pur- 
sued  its  present  course.  The  hyaloid  artery,  on  the  contrary,  is  primarily 
distributed  to  the  fetal  lens  and  after  incomplete  absorption  it  does  not 
possess  the  finished  circulatory  connections  of  a  prepapillary  loop.  So- 
called,  persistent  hyaloid  arteries  consist  principally  of  membranous  rem- 
nants  of  the  hyaloid  vascular  sheath,  the  artery  itself  frequently  being 
absent  or  forming  but  an  insignificant  part  of  the  structure. 

Stereogram  13.  Pseudoneuritis  and  Tortuous  Vessels  in 
Hypermetropia.  Right  eyeground  of  healthy  man,  27  years  of  age. 
Has  a  high  degree  of  hypermetropia  in  both  eyes  which  present  similar 
ophthalmoscopic  pictures.  With  correcting  glasses  the  vision  is  normal. 
The  fundus  is  darkly  stippled.  The  nerve-head  is  uniformly  reddened 
and  elevated  about  0.66  mm.  ( 2.D. ) .  By  the  direct  method  of  examination 
the  margin  of  the  disc  is  indistinct  but  by  the  indirect  method  the  outlines 
become  sharp.  The  retinal  vessels,  both  arteries  and  veins,  are  very 
tortuous  but  the  arteries  are  not  disproportionately  narrower  than  the 
veins.  All  vessels  are  uniformly  broadened  and  present  neither  local 
constrictions  nor  dilations.  There  are  no  hemorrhages  or  exudates  in  the 
retina.  Prolonged  Observation  showed  the  fundus  condition  to  be  sta- 
tionary.    Diagnosis  is  hyperopic  fundus  or  Pseudoneuritis. 

The  term  ''  Pseudoneuritis  "  is  applied  to  a  congenital  condition  which* 
beginners  in  ophthalmoscopy  almost  invariably  mistake  for  optic  neuritis. 
Nearly  all  typical  examples  occur  in  highly  hyperopic  eyes,  i.  e.,  eyes 
below  the  normal  size.  The  disc  is  dark  red  in  color  and  fine  super- 
numerary  vessels  can  be  discerned  on  its  surface.  The  outline  of  the 
nerve  is  more  or  less  blurred  and  frequently  covered  with  delicate  strise, 
especially  on  the  nasal  side  where  nerve  fibers  are  most  abundant.  Some- 
times  the  nerve  is  surrounded  by  a  delicate  grey  halo.  The  head  of 
the  nerve  may  project  1.-3.D.  thus  increasing  the  resemblance  to  papil- 
litis.  The  disc  may  be  unusual  in  form  or  contain  an  inferior  crescent. 
The  retinal  vessels  are  unusually  tortuous  and  on  the  disc  they  may 
twist,  form  loops,  or  divide  in  an  erratic  manner.  The  appearance  of 
neuritis  presented  by  highly  hyperopic  eyes  is  due  to  crowding  a  normal 
sized  retina  into  an  undersized  scleral  cavity.  As  a  result  the  retinal 
vessels  adapt  themselves  to  insufficient  space  by  becoming  tortuous,  the 
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nerve  head,  ovcrcrowded  with  caplllaries,  is  reddened,  and  the  nerve  fibers, 
unable  to  extend  their  füll  length,  are  piled  up  on  the  diso.  In  hyperopia 
the  diso  is  redder  than  in  emmetropia,  but  only  about  (ive  per  cent  of  cases 
exhibit  pronounced  Pseudoneuritis.  Pseudoneuritis  is  a  stationary  con- 
dition,  differing  in  this  respect  from  neuritis  which  either  recedes  or 
becomes  worse. 

In  all  the  congenitally  verysmall  eyes  which  I  have  microscopically 
examined  the  retina  was  disproportionately  large.  The  exaggerated 
example  shown  in  Fig.  31  is  from  a  child  two  years  of  age.  Polar  diam- 
eter  of  the  globe  was  18  mm. 

The  appearance  of  mild  neuritis  may  be  simulated  also  by  glassy, 
radiating  fibers  which  Surround  the  disc  and  obscure  its  outline.  This 
picture  is  produced  by  semiopaque  nerve  fibers  and,  if  careful  search  is 
made,  it  is  usual  to  find  a  few  densely  opaque  fibers  in  one  or  the  other 
eye.  A  deceptive  appearance  of  commencing  edema  of  the  nerve  may  be 
produced  by  physiologic  light  reflexes.  Neither  of  the  two  last  mentioned 
conditions  is  accompanied  by  tortuous  vessels.  Slight  opacities  in  the 
Cornea,  aqueous,  lens  or  vitreous  will  obscure  and  darken  the  disc  pro- 
ducing  an  effect  frequently  mistaken  for  congestion. 

DiAGNOSis.  Both  active  and  passive  hyperemia  of  the  disc  occur  but, 
owing  to  the  wide  variations  in  color  presented  by  normal  discs,  the 
condition  is  extremely  difficult  to  diagnosticate.  Mere  redness  of  the 
nerve,  however  marked,  does  not  Warrant  a  diagnosis  of  inflammatory 
hyperemia  unless  some  of  the  foUowing  conditions  coexist: 

(a)  Hyperemia  greater  than  previously  existed  in  the  aflfected  eye 
or  now  exists  in  the  fellow  eye. 

(b)  Redness  which  extends  into  a  physiologic  excavation. 

(c)  The  outline  of  the  disc  appears  blurred  by  both  direct  and 
indirect  methods  of  examination. 

(d)  Small  vessels  on  and  around  the  disc  increased  in  numbers. 

(e)  Veins  enlarged  and  tortuous  with  arteries  straight  and  narrowed. 
(/)   Individual  vessels  exhibit  inequalities  in  breadth. 

(y)  Lymph  stasis  in  perivascular  sheaths  manifest  by  light  lines 
along  vessels,  on  and  near  the  disc. 

(Ä)  Absence  of  high  hypermetropia  and  astigmatism. 

^  True  neuritis  does  not  commence  with  diffuse  redness,  but  with 

distinct  edema  and  blurring  of  the  nasal  side  of  the  disc  and  adjacent 

retina  (Stergm.  66).    As  stated  by  Frost,  congenitally  tortuous  vessels  do 

not  usually  rise  above  the  level  of  the  fundus,  while  in  pathologic  tortuosity 
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the  sinuosities  of  thc  vcssels  are  perpendlcular  to  the  plane  of  the  ret'ina.' 
Pseudoneuritis  is  differcntiated  from  true  nciiritis,  chiefly,  by  absence  of  all 
pathologic  Symptoms  and  presence  of  hypermetropia  or  astigmatistn. 
Crowding  of  the  retina,  however,  is  not  duc  to  refractivc  error  but  to 
the  small  sizc  of  the  eye  and  small  eyes  are  not  always  hyperopic  or 
astigmatic. 

True  hyperemia  of  the  disc  may  accompany  choroiditis,  retinitis, 
diabetes,  nephritis,  high  blood  pressure,  polycythemia,  retrobulbär  ncuritis. 
nasal  ünus  diseasc,  brain  lesions,  certain  diseases  of  the  central  nervous 
System,  cerebral  sinus  thrombosis,  cardiac  disease,  mania,  etc.  It  may 
follow  poisoning  by  certain  drugs  especially  lead,  iodiform  and  alcohol. 

Stereogram  14.  Persistent  Hvaloid  Artery.  Persistent 
Canal  of  Cloquet.  Right  eyeground  of  a  girl  13  years  of  age.  Left 
eye  normal.  The  only  abnormality  observed  in  the  right  eye  is  a  bluish- 
white  cord  extendlng  from  the  ccnter  of  the  disc  far  into  the  vitrcous, 
tenninating  in  a  number  of  tilaments  (not  shown  in  picture).  Its  anterior 
extremity  is  seen  best  with  a  plus  lens  of  16. D.  The  slightest  movement 
of  the  eye  causes  active  oscillatory  motions  in  the  cord,  but  its  exciirsions  are 
of  limited  extent.  No  blood  vessels  are  visible  on  its  surface.  Evidently, 
the  formation  is  a  congenital  anomaly,  cünically  known  as  persistent 
hyaloid  artery. 

In  thc  third  month  of  fetal  llfe  the  central  artery  of  the  retina, 
endosed  in  a  cellular  sheath,  extends  through  the  vitreous  to  the  posterior 
surface  of  the  lens  which  it  invests  with  a  vascular  covering.  The  vessel, 
in  its  course  through  the  vitreous,  follows  the  hyaloid  (Cloquet's)  canal 
and  is  named  the  hyaloid  artery.  By  the  end  of  the  ninth  month  the  hyaloid 
artery  should  be  completely  absorbed.  Occasionally  the  artery  or  sheath 
it  not  entirely  removed,  in  which  case  they  persist  as  fetal  vestiges.  These 
remnants  of  intrauterine  life  show  the  widest  variations  in  structure. 
They  may  remain  attached  to  either  the  nerve,  the  lens  or  to  both.  The 
most  common  example  of  incomplete  absorption  is  an  opaque  patch  on 
the  posterior  capsule  of  the  lens  (posterior  polar  cataract)  which  may 
or  may  not  be  accompanied  by  a  tag  of  tissue  on  the  nerve.  A  persistent 
hyaloid  artery  contains  tissues  from  both  the  artery  and  its  sheath.  When 
the  artery  persists  it  may  be  single  or  divided  into  severa!  branehes.  A 
conunon  formation  is  a  cord  or  membrane  representing  either  the  ob- 
literated  artery  or  the  cellular  sheath.  These  structures  vary  in  form 
from  a  thin  filamentous  thread  to  a  solid  column  of  connectivc  tissue  in 
which  blood  vessels  are  inslgnificant  or  absent.     Great  diversity  exists  in 
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the  anterior  termination  of  the  cord  or  membrane;  thus,  it  may  be 
attached  to  the  lens,  divide  into  branches,  split  into  fine  filaments,  terminate 
in  a  bulb  or  in  a  sharp  point,  etc. 

DiAGNOSis.  It  is  not  certain  that  all  the  membranous  and  vascular 
structures  in  the  vitreous,  dinlcally  known  as  persistent  hyaloid  arteries 
are  rightly  interpreted.  Eversbusch*  does  not  regard  differentiation  as 
easy,  and  separates  these  formations  into  two  classes:  (1)  True  per- 
sistent hyaloid  artery;  (2)  Membranous  opacities  in  the  hyaloid  canal, 
probably  the  residuum  of  a  hemorrhage.  v.  Reussf  agrees  with  Eversbusch 
and  for  the  diagnosis  of  persistent  hyaloid  artery  requires  that  the  ves- 
sel  should  distinctly  arise  from  the  arteria  centralis  retinae  and  be  (illed 
with  blood.  Greeff  I  diagnosticates  persistent  hyaloid  artery  when  the  cord 
is  connected  with  the  central  artery  and  posterior  pole  of  the  lens  or  eise 
the  anterior  end  terminates  in  numerous  branches.  The  cord  should  not 
exceed  the  calibre  of  the  central  artery.  Greeff  further  diagnosticates  a 
visible  Cloquet*s  canal  when  the  formation  has  a  funnel  or  ampuUaform 
shape  and  the  contents  are  opaque.  A  persistent  visible  canal  may  contain 
embryonic  tissue  or  a  well  developed  artery.  After  partial  absorption  of 
vitreous  exudates  I  have  seen  opacities  persist  along  the  course  of  Clo- 
quet's  canal  which  closely  resembled  persistent  fetal  Clements.  Such  cases 
are  easily  differentiated  by  the  history  of  fluctuations  in  visual  power  which 
do  not  occur  with  fixed  congenital  defects.  The  membranes  of  retinitis 
proliferans  usually  are  too  widely  distributed  to  be  mistaken  for  fetal 
remnants  of  the  hyaloid  canal.  Nevertheless,  after  injury  with  intraocular 
hemorrhage,  membranes  may  form  which,  in  the  absence  of  a  history,  could 
be  mistaken  for  persistent,  visible  hyaloid  canal  (Fig.  138).  A  pre- 
papillary  artery  (Stergm.  12)  is  frequently  miscalled  persistent  hyaloid. 
It  is  distinguished  by  its  completed  structure,  perfect  circulation  and  by  its 
origin  and  termination  in  the  nerve. 

Stereogram  15.  Albinism.  Eyeground  of  an  albino  girl  14  years 
of  age.  TTic  ophthalmoscopic  picture  is  that  of  an  exaggerated  blond 
fundus  in  which  the  normal  pigment  of  the  eye  is  absent.  The  background 
of  the  fundus  has  a  pinkish-white  color  produced  by  the  white  sclera  shining 
through  the  capillary  layer  of  the  choroid.  The  optic  disc  is  of  normal 
color  but  appears  dark  from  contrast  with  the  white  fundus.  The  blood 
▼estels  form  a  beautiful  red  tracery  against  the  pink-white  sclera.  The 
retinal  vessels  lie  in  front  of  the  choroid  and  are  recognized  by  their 

*  ETersbuscli.  Mitt.  a.  d.  Klin.,  München,  1882. 
tv.  RcoM,  Mitt  d.  ii  Wien.  KHn..  ii,  1885. 
iOn^  Orth's  Sp.  Path.  Anat.  ii  Half,  ii,  p.  556. 
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rounded  form  and  terminal  manner  of  dlstrlbution.  The  choroidal  vessels 
are  sharply  defined  ngainst  Ae  light  background.  They  have  a  ribbon- 
like  appearance,  possess  no  centrat  light  streak  and  anastomose  freely 
with  each  other.  The  deeper  red  color  of  the  macula  suggests  slight  pig- 
mentation  of  that  region. 

Absence  of  the  physIoIogic  pigment  in  the  body  is  termed  albinlsm. 
The  anomaly  is  most  common  among  the  dark  skinned  races.  Albinlsm 
may  be  complete  or  incomplete,  It  would  appear  that  pigment  is  lacking 
'  I  the  eye  only  in  complete  cases,  and  it  is  not  uncommon  to  find  a  well 
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*It  is  ttated,  that  in  human  albinos  the  retinal  epithelinm  alwayi  contains  pig- 
ment. This  requires  conlirmattoD,  inasmnch  as  no  pigment  is  contained  in  the  retinal 
cpithelium  of  albino  rabbits,  , 
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results  dosely  resembles  that  of  the  albinotic  eye  (Stergm.  26).  The  only 
case  I  ever  saw  occurred  in  a  diabetic.  The  differential  points  of  this  case 
are  contained  in  the  f ollowing  table : 


Congenital  Albinism  of 
Eyeground. 

Congenital. 

Associated  albinism  of  hair,  iris, 
etc. 

Photophobia;  under  proper  con- 
ditions  vision  and  fields,  prac- 
tically,  normal. 

Vessels  of  choroid  normal. 

Depigmentation  of  fundus  uni- 
form and  complete. 

No  systemic  disease  present. 


Acquired  Albinism  of 
Eyeground. 

Acquired. 

Not  associated  with  general  al- 
binism. 

No  photophobia,  but  serious  im- 
pairment  of  vision  and  fields. 

Many  choroidal  vessels   atrophic. 

Depigmentation  irregulär.  Fun- 
dus contains  scattered  specs  of 
pigment. 

Affected  with  systemic  disease. 


Stereogram  16.  Punctate  Condition  of  the  Fundus  (Gunn's 
Dots,  Crick  Dots).  Right  eyeground  of  a  healthy  housemaid  20  years  of 
age.  Fundus  conditions  are  identical  in  both  eyes.  With  correcting  glasses 
vision  is  normal.  The  macula  and  surrounding  region  contain  numerous 
groups  of  very  pale  dots,  situated  on  the  surface  of  the  retina.  The  nearer 
to  the  fovea,  the  more  distinct  are  the  dots. 

The  title  **  punctate  conditions  of  the  fundus  "  was  applied  by  Frost* 
to  a  group  of  varied  conditions,  some  of  which  have  since  been  more 
definitely  classified,  while  the  nature  of  others,  however,  remains  unknown. 
Chief  among  the  former  is  a  dotted  condition  of  the  macular  region,  (irst  de- 
scribedby  Marcus  Gunn  and  since  known  as  Gunn's  dots  or,  from  the  family 
name  of  Gunn's  first  cases,  **  Crick  dots."  These  terms  are  usually  applied 
to  small  groups  of  light  colored  spots,  situated  chiefly  at  the  fovea.  They 
appear  to  be  superficial  and  never  exceed  in  size  the  diameter  of  a  medium 
sized  retinal  vessel.  These  dots  are  inconspicuous  and  easily  overlooked. 
They  are  seen  best  by  weak  illumination  with  the  light  directed  obliquely. 
The  color  is  described  as  white  or  yellowish.  All  those  which  I  have  ob- 
served  are  the  color  of  the  eyeground  but  very  much  paler.  Gunn's  dots 
occur  in  perfectly  normal  eyes  and  are  without  pathologic  significance. 
They  are  most  distinct  in  early  life  when  all  the  refracting  media  of  the 


♦  Frost,  The  Fundus  Oculi,  1896. 
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eye  are  perfectly  transparent.  The  fundus  stereogram  here  shown  is  re- 
markable  for  the  excessive  number  of  dots,  but  in  aU  other  respects  the 
case  corresponds  with  Gunn's  description. 

The  anatomy  of  Gunn's  dots  is  unknown.  They  are  conimonly  at- 
tributed  to  inequalities  on  the  surface  of  the  retina  which  reflect  light.  In 
well  developed  cases  it  often  happens  that  the  retina  around  the  dots  is 
Stippled,  an  appearance  presumably  due  to  rarefaction  of  the  epithelial 
pigment.  In  the  case  shown  in  the  stereogram  the  appearance  suggested 
that  the  dots  and  stippling  were  alike  produced  by  a  sieve-like  reticulation 
of  the  pigmented  epithelium. 

DiAGNOSis.  Ä  diagnoeis  of  '*  Gunn's  dots  "  should  be  made  only  in 
eyes  that  are  perfectly  normal;  never  where  deterioration  of  vision  has 
occurred.  Central  choroiditis  is  distinguished  by  the  greater  size  and 
distinctness  of  the  spots  and  by  Visual  disturbance.  Colloid  excrescences 
(drusen)  usually  occur  in  the  aged.  They  are  more  widely  distributed 
and  more  distinct  than  Gunn's  dots.  Minute,  isolated  glistening  specks  are 
sometimes  seen  in  the  normal  fundus.  They  occur  at  all  ages  and  in  any 
part  of  the  eyeground.  Their  brilliant  metallic  luster  is  sufficient  to  dif- 
ferentiate  them. 


Suppurativc  Choroitiitis. 
j  deiached   by   Purnlenl   Exudatcs  fron   Retina  and   ( 
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Chapter  IV. 

AFFECTIONS  OF  THE  CHOROID. 

Inflammation  of  the  choroid  is  broadly  classed  as  suppurative  (acute) 
and  exudative  (chronic)  choroiditis.  Suppurative  choroiditis  is  an  acute 
infectious  process.  Owing  to  the  early  and  rapid  development  of  vitreous 
opacities  the  f undus  changes  cannot  be  seen  with  the  ophthalmoscope  ( Fig. 
32). 

Exudative  Choroiditis.  This  term  indudes  the  various  types  recog- 
nizable  with  the  ophthalmoscope.  Inasmuch  as  the  retina  participates  in 
the  pathologic  process,  the  disease  is  also  termed  Chorioretinitis.  The 
dinicai  forms  of  exudative  choroiditis  are  named  according  to  the  Situa- 
tion, arrangement  or  form  of  the  lesions  as  foUows:  c.centralis;  canterior; 
cdisseminata ;  cdiffusa;  ccircinata;  careolaris;  c.guttata,  etc.  Many  of 
these  terms  are  merely  descriptive  of  special  cases,  not  special  forms  of 
disease.  The  majority  of  cases  present  scattered  fod  of  disease  which 
subsequendy  may  fuse  and  form  large  patches.  A  diffuse  exudative  in- 
flanmiation  of  the  choroid  is  uncommon. 

Pathology.  Individual  lesions  of  a  choroiditis  pass  through  three 
ttages,  (1)  exudation  (Figs.  33-34) ;  (2)  formation  of  granulation  tissue 
(Flg.  35);  (3)  dcatrization  (Figs.  36-37).  With  the  ophthalmoscope 
it  is  not  practicable  to  differentiate  the  stage  of  exudation  from  that  of 
granulation.  In  the  exudative  stage  foci  of  round  cells  accumulate  about 
the  blood  vessels  of  the  inner  layers  of  the  choroid.  The  pigmented 
stroma  cells  of  the  choroid  emigrate  inward  and  appear  in  the  inner  layer 
wherc  they  are  never  found  under  normal  conditions  (Figs.  33-34).  At 
the  same  time  a  fluid  exudate,  which  varies  greatly  in  amount,  infiltrates  the 
choroid  and  separates  it  from  the  retina  (Fig.  34).  In  the  second  stage 
the  amount  of  granulation  tissue  varies.  Usually  it  is  slight  but  may  be 
abundant  (Fig.  35).  In  certain  cases  it  may  invade  the  vitreous  (cho- 
roiditis hyperplastica)  (Fig.  38).  The  retinal  epithelium,  which  is 
nourished  by  the  choroid,  being  deprived  of  nutrition  exfoliates  and  parts 
with  its  pigment  which  may  appear  on  the  surface  of  the  retina  in  the  form 
of  specks  or  branching  figures. 

Stereogram  17.     Choroiditis  Disseminata,  Exudative  Stage 
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(Eruptive  Stage).  Right  fundus  oculi  of  a  woman  32  years  of  age. 
No  history  of  either  syphilis  or  tuberculosis.  Both  eyes  are  equally  affectedL 
Vision  20/40.  Flashes  of  light  and  a  '*  glimmering  "  Sensation  are  ex- 
perienced.  The  ophthalmoscopic  picture  is  that  of  early  choroiditis  dis- 
seminata. The  fundus,  especially  the  equatorial  region,  is  covered  by  an 
eruption  of  discrete,  round,  softly-outlined,  reddish-yellow  spots,  situated 
below  the  level  of  the  retinal  vessels.  The  spots  vary  in  size  from  one- 
fourth  the  diameter  of  the  disc  to  that  of  a  primary  retinal  vessel.  At 
certain  points  they  occur  in  thickly- crowded  dusters.  In  this  early  stage  of 
the  disease  the  spots  show  but  slight  tendenqr  to  coalesce  and  their  borders 
are  not  pigmented.  Two  older  cicatricial  spots  are  seen,  bordered  by 
pigment.  Although  the  patient  is  a  brünette,  the  entire  fundus  is  light  in 
color  and  the  choroidal  vessels  are  plainly  seen,  indicating  slight,  general 
depigmentation  of  the  retinal  epithelium.  The  retina  is  transparent  and 
the  vessels  normal.  The  optic  disc  is  reddened,  presumably  due  to  hyper- 
emia  of  the  choroid  which  has  extended  to  the  head  of  the  nerve  through 
the  anastomosing  vessels  of  Zinn. 

A  slight  knowledge  of  the  histologic  changes  described  enables  one 
to  interpret  the  picture  shown  in  the  stereogram.  For  example,  the 
flattened  leisons  and  transparent  retina  indicate  that  the  exudate  is 
slight  in  amount  and  the  granulation  tissue  not  exuberant.  The  color 
and  distinctness  of  the  spots  are  modified  by  the  amount  of  pig- 
ment remaining  in  the  overlying  retinal  epithelium;  thus,  where  the 
pigment  is  not  disturbed  the  lesion  is  obscure,  but  where  the  pigment  has 
been  partially  discharged  the  spots  are  grey,  while  those  spots  over 
which  depigmentation  is  complete  possess  a  reddish-yellow  color  produced 
by  the  red  choroid  seen  through  the  yellow  exudate.  Inflammatory  prod- 
ucts  from  the  choroid  do  not  readily  pass  through  the  lamina  vitrea  into 
the  vitreous  unless  the  exudate  is  very  abundant  or  the  lamina  perforated. 
As  a  rule,  the  vitreous  is  dear  in  choroiditis  of  the  posterior  and  equatorial 
regions.  When,  however,  the  disease  develops  far  forward  or  involves 
the  ciliary  body,  the  anterior  part  of  the  vitreous  is  fiUed  with  floating 
opacities  (Fig.  39). 

Exudative  choroiditis  is  caused  by  a  variety  of  general  infections, 
especially  syphilis  and  tuberculosis.  Other  causes  are  traumatism,  local 
infection  and,  probably  intestinal  autointoxication.  In  many  cases  of  the 
disseminate  form  the  etiology  is  obscure.  The  course  of  disseminated 
choroiditis  is  slow.  Usually  the  prognosis  is  unfavorable.  In  certain 
cases,  however,  the  progress  of  the  disease  is  arrested,  but  the  diseased 
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treas  cicatrize  and  remain  as  permanent  gaps  in  the  Visual  field.  Choroidal 
lesions  at  the  macula  seriously  impair  vision,  but  situated  at  the  periphery 
thqr  may  not  be  troublesome. 

DiAGNOSis.  Choroiditis  in  the  exudative  stage  requires  diiferentia- 
tion  chiefly  from  angiopathic  retinitis  of  albuminuric  or  diabetlc  origin. 
In  choroiditis  the  spots  are  yellowish  in  color,  deeply  situated  below  the 
level  of  the  retinal  vessels  and  some  pigmentation  is  usually  present.    In 


• 

EXUDATIVE 

STAGE  OF 
CHOROIDITIS 
DISSEMINATA 

EXUDATIVE 

STAGE  OF 

ANGIOPATHIC 

ALBUMINURIC 

RETINITIS 

TYPICAL    CASES 

OF  CENTRAL 

PUNCTATE 

DIABETIC 

RETINITIS 

Number  and 

Situation 
of  Lesions. 

Numerous    and 
widely      distributed 
but  favor  equatorial 
region.     Always  be- 
low level  of  retinal 
vessels. 

Comparatively  few 
in  number.   Favorite 
Site  is  posterior 
polar  Zone.     Super- 
ncially  situated  and 
often   Cover  the  re- 
tinal vessels. 

Numerous.    Occur 
chiefly    in    macular 
region.   Superficially 
situated    and    covcr 
retinal  vessels. 

Form  and 
Color. 

Yellowish;  circu- 
lar  with  tendency  to 
coalesce    and    form 
scalloped  patches. 

Whitish,  "  frosty  " 
color.    Circular  with 
no  tendency  to  coal- 
esce. 

Whitish,  round  and 
linear    spots    which 
do  not  coalesce. 

Pigmentation. 

A  few  pigmented, 
cicatricial  spots  us- 
ually present.   Fresh 
spots  may  be  "  pep- 
pered." 

Retinal       arterio- 
sclerosis    forms    no 
part    of    choroiditis 
disseminata. 

No  disturbance  of 
pigment. 

No  pigmentation. 

Vessels. 

Arteriosclerosis 
usually  is  a  marked 
feature. 

Visible      vascular 
changes  are  unusual. 

Hemorrhage. 

No  retinal  hemor- 
rhage    in   uncompli- 
cated  cases. 

Retina]     hemor- 
rhages  usually  pres- 
ent. 

Numerous     small, 
retinal  hemorrhagcs 
betwe^n  spots. 

Optic  Nerve. 

Disc  may  be  red- 
dened   but  there   is 
no  neuritis.    Retinal 
edema    may   extend 
to  nerve  (Stergm.  18). 

More  or  less  papil- 
litis  usually  present. 

Neuritis  is  unusual 
in  this  form   of  re- 
tinitis.    Diabctic  re- 
tinitis frcquently  in- 
distinguishable  from 
other  forms  of  angio- 
pathic disease. 

Retinitis  punctata  albescens,  senile  "  drusen  '*  and  Gunn*s  dots  are  noninflammatory 
punctate  conditions  not  apt  to  be  mistaken  for  any  of  the  above  affections. 


40 


THE    FUNDUS  OCULl. 


retinitis,  on  the  contrary,  thc  spots  have  a  whitish  "  f rosty  "  color,  are 
superficially  situated,  often  overlying  the  retinal  vessels  and,  m  the  carly 
stage,  are  ticver  accompanied  by  pigmentation.  The  lesions  of  chorold- 
itis  are  numcrous  and  widely  distributed  while  those  of  retinitis  are  com- 
paratively  few  in  number  and  usuaily  appear  around  the  posterior  pole. 
Vascular  degeneration,  retinal  edema  and  hemorrhage  which  belong  to 
the  picture  of  angiopathic  retinitis  are  exceptional  events  in  choroiditia. 
The  disc  may  be  reddened  in  choroiditis,  but  actual  neuritls,  so  common  in 
albuminuric  retinitis  does  not  usuaily  occur.  Thc  subjcctive  Symptoms  of 
choroiditis,  i.e.,  photopsia*,  metamorphopsia  and  chromotopsia;  are  un- 
usual  in  angiopathic  retinitis. 

Central  diabetic  retinitis  (Stergm.  38)  differs  from  choroiditis  in  the 
following  rcspccts.  It  is  confined  chiefly  to  the  macular  region  and  ts  ac- 
companied by  hemorrhage;  the  spots  t^n  lot  fuse  and  none  of  them  are 
pigmented  nor  do  they  undergo  f 


Retinitis  punctata  a' 
the  atrophic  condition  ( 
Symptoms  of  night  blindr 

Stereogram  18. 
Rigbt  cyeground  of  a  girJ 
saddle  nosc,  notched  ine 
comeal  opacities  characti 
eyes  affected.     Thc  Icft  eyegroum 


54)  is  easlly  distinguished  by 
rctina;  also,  by  thc  subjcctive 
1  fields. 

5EMINATA,  ExUDATIVE  StAGE. 
e.  Hereditary  syphilitic.  Has 
gles  of  mouth  and  arborcscent 
ting  interstitial  keratitis.  Both 
IS  snown  In  stereogram  20.     Rt^ht 


Eye: — Central  vision  20/40.  Has  subjcctive  visual  sensations  consisting 
of  flashes  of  light,  balls  of  fire.  etc.  Unable  to  see  in  a  dim  light  (torpor 
retina).  The  cntire  fundus  is  covered  with  spots  and  plaqucs  of  dis- 
seminated  choroiditis.  Most  of  the  lesions  shown  in  the  picture  are  in 
the  stages  of  exudation  or  granulation,  but  those  In  the  anterior  zone  of  the 
fundus  (not  shown)  are  In  the  clcatricial  stage.  The  oldcr  spots  point  to 
a  preccding  attack  of  choroiditis  which,  probably,  developed  In  connectlon 
with  a  keratitis  which  occurrcd  six  years  ago.  The  field  shown  in  the 
stereogram  is  covered  with  yellowish,  softly  ouflined  spots.  Originally. 
all  the  Spots  were  round,  but  many  of  them  have  coalesced  and  formed 
large  patches  wllh  scalloped  edges.  Some  of  the  spots  already  show 
commencing  marginal  pigmentation.  All  the  lesions  are  decply  situated  and, 
when  in  contact  with  the  retinal  vessels,  the  latter  pass  over  them.  Two 
old,  well  pigmented  spots  are  seen  on  the  temporal  side.  On  the  nasal 
side  of  the  disc  is  a  large  clrcular  area  of  opaque  retina.  The  vessels  which 
curve  over  its  surfacc,  measured  with  the  opbthalmoscope,  are  about  0.5 


Chriroiditis  caiisinR  fial  Retinal  Detachmeni. 
\n  fxiidation  Erom  tiie  dioroid  at   E  has  lifted  and  inültratcd   tlie 
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mm.  abovc  thc  Icvcl  of  the  disc.  This  opaque  arca  is  a  flat  retinal  dctach- 
meot  produccd  by  a  recent,  profuse  exudation  from  the  choroid  which  has 
lifted  and  infiltrated  thc  retina  (Fig.  40).  A  larger  amount  of  cxudate 
would  ha  VC  passed  through  the  retina  and  appeared  in  the  vitreous.  The 
infiltration  of  the  retina  has  extended  along  the  nerve  fibers  to  the  disc 
and  obscured  its  outline  on  the  nasal  side.  This  condition  of  the  nervc-head 
18  distinguished  from  true  neuritis  by  Its  evident  connection  with  adjacent 
edematous  retina,  also  by  the  absence  of  swelling  and  by  the  normal  retinal 
vcsscls.*  The  disease  is  a  wide-sprcad  inflammation  of  the  choroid  mani- 
fest by  general  disturbance  of  choroid  and  retina  throughout  the  affected 
region.  In  many  places  the  surface  of  the  retina  contains  a  dust-like  pig- 
ment  which  has  been  discharged  from  the  retinal  epithelium.  The  entire 
eyeground  is  mottled,  suggesting  foci  of  exudation  in  the  deep  layers  of  the 
choroid. 

Symptoms.  The  early  subjective  Symptoms  of  exudative  choroiditls 
are  fairly  uniform  in  all  cases.  Photopsie  occur  as  glinmiering,  flashes  of 
light,  etc.,  due  to  disturbance  of  the  rods  and  cones  in  the  retina.  Another 
Symptom  is  micropsia,  i.  e.,  objects  appear  too  small.  This  phenomenon 
is  due  to  stretching  of  the  retina  and  Separation  of  its  percipient  Clements  at 
the  macula  by  cxudate.  From  the  same  cause  objects  may  appear  distorted 
(metamorphopsia) .  In  other  cases  the  macular  structures  are  crowded 
together  and  objects  appear  too  large  (macropsia).  Visual  acuity  is 
always  blunted  in  disseminated  choroiditis,  but  the  loss  cannot  be  estimated 
from  the  ophthalmoscopic  picture.  Fair  central  vision  may  exist  in  con- 
nection with  wide-spread  destruction  of  the  fundus.  On  the  other  band, 
vision  may  be  greatly  reduced  with  but  slight  visible  change.  A  small 
central  lesion  may  render  the  eye  useless,  while  a  large  peripheral  patch 
may  not  be  noticed  by  the  patient.  Torpor  retinae  usually  exists,  and  the 
patient  sees  well  only  in  bright  daylight  (hemeralopia).  Exceptionally, 
the  retina  is  hypersensitive  and  vision  is  best  at  dusk  (nyctalopia).  There 
may  be  acute  exacerbations  in  the  course  of  a  chronic  choroiditis.  In  the 
case  of  stereogram  18  a  preceding  attack  was  accompanied  by  interstitial 
keratitis,  the  choroiditis  being  confined  to  the  anterior  zone  of  the  fundus. 
Such  cases  are  common  in  congenital  syphilis.  The  keratitis  masks  the 
choroiditis  and  the  latter  is  not  discovered  until  the  Cornea  clears. 

DiAGNOSis.  In  most  cases,  the  presence  of  old  choroidal  cicatrices 
renders  it  easy  to  recognize  the  primary  seat  of  the  disease.    In  rare  cases 


*A  somewhat  similar  condition  of  the  disc  is  shown  in  stereogram  59. 
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Chorioretinitis  commcnces  by  a  large  subretinal  cffusion  which  produces 
an  opaque  patch  in  the  retina,  simllar  to  that  Seen  on  the  nasal  side  of  thc 
disc  in  thc  stereogram.  In  such  cases  the  ophthalmoscopic  picturc  is  not 
unlikc  that  which  foUows  closure  of  a  branch  retinal  artcry  (Stcrgm.  45 ) . 
The  two  conditlons  are  differentlated  as  follows: 


Opaqüe    Retina    Due    to 
Choroidal  Effusion. 

Surface  elevated. 

Outline  of  opacity  beara  no  rela- 

tion  to  distribution  of  artcry. 
Vesscls  normal  or  düated. 
Gradual  failure  of  viston. 
Photo  psia. 
Usually  somc  pigmcnt  distt 


Stereogram  19.    Ce 
Stage.     (Syphilitic).     Rigi 
sermann  blood  reactlon  fo 
months  ago.     Both  eyes  ai 
füll  daylight  is  20/70,  bul 
He  sees  flashes  of  light  ana  snoi> 
appear  to  quiver,    The  anterior  pa 
opacities,  Seen  best  by  weak  illumlnatin 
the  ophthalmoscope    (vltreous  opac 
Dust-like  vitreous  opacities  combint- 
pathognomonic  of  syphilis.     The  optic  i 
margin  blurred,   appearances  partly  '!"■' 
The  retinal  vessels  appear  normal, 
of  small,  rounded  spots  which 
spots  ocaipy  the  center  of  the 
sprinkled  wlth  fine  pigment.     1     i 
periphery  of  the  group,  arc  sottly 
nonpigmented.     The  normal  macul 


sweiling  or  exudation  in  the  macular  aepression. 


Opaque    Retina   Due   to 
Branch  Closure. 

Surface  not  elevated. 

Fan-shaped  opacity  corresponding 

distribution  of  branch  artcry. 

iosclerotlc  changcs  in  artery, 

:n  loss  of  vision  in  affcctcd 

a. 

hotopsia. 

igment  disturbancc. 

E  Choroiditis.    Exudative 

man  30  years  of  age.    Was- 

itive.     Acquired  chancre  ten 

:ted.     Right  eye: — Vision  in 

ited  room  it  is  but   10/200. 

Objccts  at  which  he  looks 

itreous  contalns  fine,  dust-like 

with  a  strong  convex  lens  in 

shown  in  the  stereogram). 

choroiditis  are  regarded  as 

/e  appears  reddened  and  its 

)  opacities  in  the   vitreous.* 

cular  rcgion  contains  a  group 

ency  to  coalesce.     The  oldcr 

ley  are  whitish  in  color  and 

lore  r  cent  spots,  sltuated  near  the 

iHi        ,  reddish-yellow  in  color  and 

reflexes  are  abolished,  due  to 


•  The  dia«nosis  of  "  slight  nearitis,"  "  red  nerve,"  etc.,  abonld  never  be  made  nntil 
it  it  certain  that  the  obscure  appearance  of  the  disc  Is  not  an  artetet  cauaed  by  opaci- 
tiet  in  the  comea,  aqueoui,  lens  or  vitreotu. 
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The  tcrm  "  choroiditis  centralis  "  has  bcen  looscly  applied  to  several 
conditions  which  differ  essentially  in  etiology  and  pathology.  These  arc, 
(a)  choroiditis  of  syphilitic,  tubcrcular  or  uncertain  origin  (Stergm.  19- 
23) ;  (b)  atrophy  and  degeneration  of  the  rctina  and  choroid  in  myopia 
(Stergm.  71);.(c)  senile  changes  at  the  macula  (Stergm.  27);  (d) 
results  of  blunt  force,  hemorrhage,  etc.  (Stergm.  59) ;  (e)  congenital 
anomalies  (Stergm.  8). 

The  term  should  be  reserved  for  cases  included  in  dass  (a). 

When  choroiditis  of  syphilitic  origin  appears  in  the  macular  region 
the  eruption  may  appear  as  a  large,  single  exudate  or  as  a  circumscribed 
group  of  dosely  aggregated  spots  resembling  those  of  choroiditis  dis- 
seminata. The  Symptoms  described  in  the  above  case  are  typical  of  the 
afiection.  The  subjective  Symptoms  of  photopsis,  quivering  of  objects, 
distortion,  etc.,  are  due  to  disturbance  of  the  outer  retinal  layer.  The  an- 
terior, dust-like  vitreous  opacities,  usually  present  in  early  syphilitic  cases, 
come  either  from  the  anterior  extremity  of  the  choroid  or  posterior  ex- 
tremity  of  the  ciliary  body.  If  the  ciliary  body  is  extensively  affected 
(cyditis)  the  exudate  will  be  carried  forward  by  the  aqueous  current  and 
deposited,  in  the  form  of  fine  flecks,  on  the  lens  and  Cornea."^  Exudates 
in  the  fore  part  of  the  vitreous  or  in  the  post  lental  region  may  be 
resorbed  with  astonishing  rapidity,  while  exudates  deep  in  the  vitreous 
disappear  slowly  and  often  incompletely. 

DiAGNOSis.  Aside  from  positive  evidence  secured  by  the  history  and 
Wassermann  test,  syphilis  is  indicated  in  this  case  by  the  central  location 
of  the  eruption  and  vitreous  opacities. 

CoUoid  excrescences  (drusen)  (Stergm.  27)  differ  from  a  central 
choroiditis  as  foUows.  They  indicate  a  degenerative  process,  usually  senile, 
are  nonpigmented  and  cause  no  disturbance  of  vision. 

The  ophthalmoscopic  features  of  central  choroiditis  differ  from  Gunn's 
dots  (Stergm.  16)  in  the  foUowing  respects.  The  choroidal  lesions  are 
more  distinct,  more  deeply  situated  and  attended  by  pigment  disturbance. 
Vision  is  affected  by  central  choroiditis  but  not  by  Gunn's  dots. 

Stereogram  20.    Choroiditis  Disseminata,  Cicatricial  Stage. 

Left  eyeground  of  girl,  15  years  of  age.     (Right  eyeground  shown  in 


♦  CycHtic  deposits  in  the  anterior  Chamber  were  long  misunderstood.     Hence  the 
misnomers  "  Dcscemitis,"  "serous  iritis,"  etc.,  formerly  employed. 
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Stereogram  18).  Has  all  thc  Stigmata  of  congenital  syphilis,  i.  e.,  saddlc 
nose,  notched  incisor  tecth,  cicatrices  at  angle  of  mouth  and  scars  of  an 
old  interstitial  keratltis.  Left  eye  possesses  only  bare  perccption  of 
light.  Patient  is  imcertain  when  vislon  was  lost  but  thinks  it  occurred 
during  an  attack  of  keratitis  six  years  ago.  The  vitreous  is  clear  as  is 
usual  in  late  chorolditis  disseminata.  The  entire  fundus  is  cbvered  with  the 
atrophic  lesions  of  exudativc  choroiditis.  The  disease  has  run  its  course 
and  after  destruction  of  the  choroid  and  outer  layers  of  the  retina,  the 
havoc  has  been  repaired  by  formatlon  of  scar  tissue.  Complete  atrophy  of 
the  choroid  exists  in  the  broad,  white  zone  about  the  optic  disc,  whcre 
nothing  remalns  of  the  vascular  structure.  "^"tending  outwards  from  the 
disc  into  the  macular  region,  is  a  broad,  dirtv-Drown  tract  which,  probably, 
marks  the  site  of  a  diffuse,  subretinal  exuH    i  in,  similar  to  that  existing 


oliferation  of  plgment  has 
ally  around  thc  cicatrices. 
;ment  at  thc  border  of  a 
le  pigmented  epithelium  to 
sive  destruction  of  the  cho- 
erve  and  retinal  vessels  are 
of  the  retina  have  escaped 
e  to  absence  of  the  choroid 
Only  thc  large  choroidal 
aries  and  vessels  of  medium 


in  the  left  eye  {Stergm.  18). 
occurred  throughout  the  entire 
The  active  proliferation  ' 

choroidal  cicatrix  mark 
Cover  over  the  defect. 
roid  and  outer  layers  oi 
nearly  normal,  indicatinfi, 
atrophy.    Tlie  outline  oi 
whidi,  normally,  sharpl 
vessels  remain  in  the  atroj        p^i 
size  having  been  destroyed. 

Repaib.  In  exudative  choroiditis  repair  is  effected  by  formation  of 
granulation  tissue  which  is  replaced  by  a  fibrous  cicatrix  that  firmly  unites 
the  retina  and  choroid  (Flg.  41).  The  choroid  and  outer  layer  of  the 
retina  undcrgo  atrophy  and  form  a  thin,  translucent  membrane  (Fig.  42), 
through  which  the  white  sclera  is  visible.  The  pigmented  cells  of  the 
choroid  (chromatophores)  usually  perlsh,  but  their  plgment  Is  transported 
by  Icucocytes  and  deposited  around  the  scar.  The  retinal  epithelium  over 
the  lesion  is  destroyed,  but  the  surrounding  epithelial  cells  undergo  active 
proliferation,  covering  the  granulatlng  surface  and,  In  the  final  stage,  de- 
positing  great  masses  of  plgment  on  and  around  the  cicatrices  (Flg.  43). 
Exudates  or  hemorrhage  in  the  suprachoroldea  (Fig.  44)  frequently  or- 
ganize  and  form  an  adventitious  membrane  outside  the  choroid  (Figs. 
45-46).  When  fully  organized  these  suprachoroideal  producta  of  inflam- 
matton  have  been  mistaken  for  fibromata  (Fig.  47).    The  structure  and 


Fiu.  41. 

Choroiditis,  Stage  of  Repair. 

A  tibrous  cu-alrix  at  a,  unites  thc  rttiiia  und  i-lioruid. 


Choroiditis.  Atrophie   Ptage. 
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Choroiititis,  Atrophie  Slaec. 

Formalion  of  :iilvt'nlilifni^  mi-nibrane  niit^ide  llie  churtiirl  frnni  nrKanizalion  of  exiidates 

and  heinorrhaKc.      M.  meml.rane:    H.  l.U.ud:  S.  sclera. 
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Tig.    46— Choroiditis.      Atropiiio    siaye.      C.    clioroid;    M.    advcnlitiouB    membrane; 
S.    5cler:i.      FiK-   47— Clioroidiiis,      Ürgiini??)!    conncclive    lissuc   of   ihe    suprachoroiJen. 


Clioroiditis,  Slage  of  Repair. 

:horr)iil  is  panially  replaced  by  cicatrtcial  tissiu',     Tlie  eye  tensinn  has 


rioc-  havc  foriiieri  in  ihc  Lhnroid, 
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amount  of  cicatricial  tissue  that  replaces  the  choroid  are  modified  by  in- 
traocular  pressure.  If  the  eye  tension  remains  normal,  or  is  increased, 
the  cicatrix  is  membranous  or  composed  of  Strands  of  connective  tissue 
(Figs.  48-49).  When,  however,  the  eye  softens  and  becomes  phthisical, 
thick,  irregulär  masses  of  fibrous  tissue  develop  (Figs.  50-51).  These 
hypertrophic  fibrous  masses  may  subsequently  be  converted  into  bone 
(Flg.  52). 

Unfortunately,  the  most  complete  regeneration  attalnable  after  cho- 
roiditis  does  not  indude  restoration  of  function,  and  every  developed  focus 
of  disease  becomes  a  permanent  blind  spot  in  the  field  of  vision.  The 
inner  layers  of  the  retina  may  or  may  not  atrophy.  Should  they  be  in- 
vaded  by  the  disease,  secondary  optic  atrophy  results  and  the  disc  pre- 
sents  the  characteristic  yellowish  tinge  of  retinitic  atrophy  (Stergm.  22). 

DiAGNOSis.  The  ophthalmoscopic  picture  (Stergm.  20)  is  tjrpical  of 
choroiditis  disseminata  and  is  unlikely  to  be  mistaken  for  any  other  con- 
dition.  When  choroiditis  disseminata  occurs  in  a  myopic  eye  it  is  apt 
to  be  overlooked  and  the  lesions  attributed  to  myopia.  In  such  cases,  the 
diagnosis  of  choroiditis  would  rest  upon  the  wide  distribution  of  the 
lesions,  excessive  proliferation  of  pigment  and  eruptive  character  of  the 
disease.  Ccdoboma  of  the  macula,  senile  choroidal  atrophy,  posthemor- 
rhagic  and  posttraumatic  cicatrices  form  single  or  local  lesions  while  the 
cicatrices  of  choroiditis  disseminata  are  distributed  throughout  the  fundus. 

Stereogram  21.  Central  Choroiditis,  Commencing  Cicatri- 
ZATION.  Left  eyeground  of  a  man,  62  years  of  age.  Thirty-five  years  ago 
had  a  chancre  and  cutaneous  eruption.  Wassermann  reaction  for  syphilis,* 
positive.  Two  years  ago  had  persistent  headache  and  vomiting  which 
disappeared  under  antisyphilitic  treatment.  Six  months  ago  vision  became 
"  foggy,"  and  since  then  it  has  steadily  deteriorated.  Present  vision  10/200 
in  each  eye.  Sees  best  in  a  dim  light,  scarcely  at  all  in  sunlight  (nyctalopia) . 
Small  central  scotomata  and  concentric  contraction  of  the  Visual  fields. 
Argyl-Robertson  pupillary  reaction.  The  pathologic  changes  in  each 
eye  are  symmetrica!.  The  central  temporal  quadrant  of  the  fundus  is 
riddled  with  small,  dosely  aggregated  lesions  of  exudative  choroiditis.  In 
the  Center  of  the  diseased  area  are  many  white  spots  encirded  by  pigment, 
which  represent  granulomata  that  have  been  converted  into  scar  tissue. 
Evidently,  the  disease  is  spreading  peripherally,  as  shown  by  groups  of 
recently  developed,  pink  colored,  nonpigmented  spots  in  the  outer  zone 
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of  diseate.  Severat  superficial  coal-black,  branching  ügures  and  spcdu  ^ 
are  seen  in  front  of  the  spots.  These  are  formed  by  pigmcnt  from  the  ' 
tessellated  epitheÜum  which  has  been  carried  into  the  inner  laycrs  of  the 
retina.  The  optic  nerve  presents  the  picture  of  postinflammatory  atrophy. 
The  disc  Is  white,  but  the  lamina  cribrosa  is  hidden,  the  retinal  vessels  are 
narrowed  and  the  nerve  Is  surrounded  by  a  ring  of  atrophic  choroid.  . 

DiAGNOSis.    The  Symptoms  presented  by  this  case  are  complicated  but  \ 
the  prcceding  course  of  the  disease  may  be  conjectured.     Probably,  it  was 
as  follows.    Two  years  ago  intracranial  syphÜis  with  vomiting,  headache 


Isyphilitic  treatment.  Later,  the 
:ral  choroiditis.  The  low  central 
t  the  contracted  ficlds  and  nycta- 
e  ner^'e  and  inner  retinal  layers. 
lalmoscopic  diagnosis  would  He 
egeneration  with  colloid  excret- 
,  howcver,  differ  as  follows : 
ns  are  deeply  situatcd,  vary  in 
oid  excrescences  are  very  super- 
tiot  coalesce.  In  choroiditis  the 
ipots  are  white  and  pigmented; 
lor. 

Pigmentosa.  Retinitic  Optic 
dus  oculi  of  a  boy  17  years  of 
ected  mother  about  five  months 
lg  childrcn  werc  all  born  dead. 
tal  Syphilis.  Both  eyes  affected 
Cannot  see  well  in  a  dim  light. 
l,eft  Eye: — Vision  reduced  to  mere  perception  of  light.  The  most 
conspicuous  ophthalmoscopic  featurc  is  profuse  pigmentation  of  the  retina. 
The  pigmcnt  is  situated  in  the  inner  layers,  as  shown  by  its  branching,  coral- 
like  forma  and  tendency  to  cover  the  retinal  vessels.  The  pigment  ügures 
are  distributed  throughout  all  regions  of  the  retina  but  are  most  numcroua 
at  the  equator  where  they  form  a  continuous  black  meshwork.  Pigment 
emigration,  in  this  fundus,  was  caused  by  diffuse  disease  of  the  inner 
layer  of  the  choroid,  The  outer  layer  of  large  choroidal  vessels  does  not 
appear  to  be  diSusely  aflected.  In  certain  places,  however,  all  layers  of 
tbe  choroid  are  destroyed  and  replaced  by  white  cicatrices.    The  two 


and  choked  disc  which  su      Jed 
constitutional  dyscrasia  r« 
vision  may  be  attributed 
lopia  probably  depend  <" 
In  the  abaence  of  all 
between  central  choro 
cences.    The  lesions  of 

In  old  central  cl 
shape  and  aize  and  tej 
ficially  situated,  unifor 
recent  spoTa  are  pink 
colloids  are  uniformly  c 

Stereogram  22.  ( 
Atrophy  (Yellow  Atro] 
age.  Father  contracted  syphilis 
before  the  patient'g  birth.  Six  ei 
Patient  presents  the  Stigmata  of  conj 
with  Chorioretinitis  but  in  varying  degrees. 
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large  scars  are  composed  of  cicatricial  tissue  which  sends  prolongations  out 
over  the  surface  of  the  retina.  The  small,  round  black  spot  in  the  lower 
part  of  the  picture  may  be  interpreted  as  a  cicatrix  in  which  the  retinal 
epithelium  has  succeeded  in  completely  covering  the  defect.  The  optic 
nerve  has  the  dirty,  yellowish-white  color  which  characterizes  post  reti- 
nitic  atrophy.  The  retinal  vessels  are  uniformly  reduced  to  mere  threads. 
On  and  near  the  disc  the  vessel  walls  are  white.  The  lamina  cribrosa 
does  not  appear  and  the  entire  disc  appears  obscured  as  by  a  thin  veil. 

The  layer  of  pigmented,  tessellated  epithelium  which  lines  the  inner 
surface  of  the  choroid  is  known  as  retinal  epithelium  because  it  develops 
from  the  same  blastodermic  layer  as  the  retina.  Anatomically  and  patho- 
logically,  however,  it  is  a  part  of  the  choroid  and  participates  in  its  diseases. 
That  the  epithelial  layer  may  be  a  primary  seat  of  disease  is  extremely 
doubtful,  inasmuch  as  it  contains  no  blood  vessels  and  is  dependent  upon 
the  choroid  for  nutrition.  The  individual  epithelial  cells  appear  to  pos- 
sess  migratory  powers  and  when  deprived  of  nutrition,  through  choroidal 
disease,  they  may  wander  out  into  the  retina.  These  wandering  cells 
either  lose  their  pigment  and  perish  or  form  attachments  and  proliferate 
(Fig.  37).  In  diffuse  choroiditis  not  attended  by  profuse  exudation,  pig- 
ment discharged  from  the  retinal  epithelium  is  transported  by  leucocytes  or 
lymph  currents  and  deposited  around  the  arterioles  and  capillaries  of  the 
retina,  where  it  forms  branching  lines  and  figures  the  ophthalmoscopic  ap- 
pearance  of  which  is  aptly  compared  to  bone  corpusdes  or  Haversian  canal 
Systems. 

This  fundus  exhibits  a  few  cicatrices  of  deep,  focal  choroiditis,  and 
also  universal  disturbance  of  the  retinal  epithelium  indicating  diffuse  dis- 
ease of  the  choriocapillaris.  Choroidal  disease  does  not  usually  affect  the 
inner  layers  of  the  retina,  but  in  this  eye  these  layers  are  highly  atrophic 
as  manifested  by  pigmentation,  extremely  narrow  blood  vessels  and  yellow 
atrophy  of  the  nerve.  As  the  nutrition  of  the  inner  layers  is  independent 
of  the  choroid,  their  destruction  depends  on  either  inflammation  of  both 
choroid  and  retina  due  to  action  of  a  common  toxin  or,  what  is  more 
probable,  inanition  of  the  retinal  tissue  due  to  blocking  of  the  lymph  Chan- 
nels with  pigment. 

DiAGNOSis.  This  affection  is  frequently  mistaken  for  retinitis  pig- 
mentosa. In  this  particular  case  the  presence  of  choroidal  cicatrices  would 
prcvcnt  such  an  error.     Frequently,  however,  the  resemblance  is  so  close 
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that  differcntiation  is  extremcly  difficult.  The  foUowing  differential  points 
are  applicable  to  thc  majority  of  doubtful  cases.  The  blood  reactions 
for  Syphilis  should  also  be  employed. 


Chorioretinitis  Pigmentosa. 


May  commence  at  any  age. 

Not  a  family  dtsease. 

Night    blindness    appears    in    ad- 
vanced  cases. 

May  commence  in  any  part  of  thc 
fundus. 

May  attack  but  one  eye. 

Development    and    progri 
Vary  in  the  two  cyes. 

Central     vision     usually 
early. 

Diligent    search     usually    .^rc». 
white  scars  in  fundiis. 

Irregulär  distribution  of  plgment. 

Only  physical  defects  are  Stigmata 
in  cases  due  to  Syphilis. 


it  blindness  invariably  present 
om  onset  of  disease  and  pre- 
des  pigmentatton, 
mences  anterior  to  equator  and 
ivances  slowly  baclcward. 
Caches  macula  in  adult  life 
JO-50). 

.riably,  affects  both  eyes. 
elops  simultaneously  and  pro- 
resses  with  great  uniformity  in 
jth  eyes. 

:ral  vision  usually' retained  until 
st  stage  of  disease. 
I       roidal  cicatrices  never  present 

in  uncomplicated  cases. 
Pigment  uniformly  distributed. 
Large  percentage  of  cases  associ- 
ated  with  body  malformations, 
idiocy,  er  deafmutism. 
Progrcss  of  disease  never  arrested. 
The  typical  visual  field  is  conccntric 
contraction  which  commences  as 
ring  scotoma. 


Dtsease  may  be  arrested. 

If  central  or  scattered  scotomata 
can  be  demonstrated  it  is  not  a 
case  of  retinitis  pigmentosa. 

Stereogram  23.  Tuberculosis  ofthe  Choroid.  Right  eyeground 
of  a  man  21  years  of  age.  A  sister  has  pulmonary  tuberculosis.  Left  eye 
normal.  In  the  right  eye  disturbance  of  vision  commenced  two  months 
before  Coming  under  Observation — at  which  time  it  was  reduced  to  band 
movements.    Vitreous  was  cloudy  and  (itled  with  floating  opacities.    With 
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the  ophthalmoscope  the  fundus  appeared  dark,  except  a  large  area  on  the 
temporal  side  which  gave  a  white  reflex  like  a  bright  light  seen  through 
dense  fog.  No  fundus  details  discernible.  Skln  test  for  tuberculosis 
positive.  Under  füll  injections  of  tuberculin  there  was  sudden  aggra- 
vation  of  the  fundus  conditions  accompanied  by  intense  headache,  hacking 
cough  and  fever.  The  increased  eye  disturbance  was  regarded  as  a  local 
reaction  to  tuberculin  and  positive  evidence  that  tubercular  choroiditis  was 
present.  After  subsidence  of  the  reaction,  tuberculin  was  resumed  in  less- 
cncd  doses.  Improvement  foUowed,  terminating  in  recovery  with  central 
Vision  of  20/30  but  with  an  absolute  scotoma  corresponding  to  the  cho- 
roidal  lesion."** 

The  stereogram  was  made  four  months  after  treatment  was  begun. 
The  vitreous  opacities  have  disappeared.  The  disc  is  reddened.  Retinal 
vessels  normal.  Just  beyond  and  slightly  above  the  macula  is  a  round, 
yellowish-white  patch  with  a  diameter  about  three  times  that  of  the  disc. 
It  is  surrounded  by  a  number  of  similar  but  much  smaller  spots.  All  other 
parts  of  the  fundus  are  free  from  disease.  The  lesions  described  are 
supposed  to  be  a  herd  of  tubercles.  The  large  patch  has  a  well  defined, 
soft  outline.  The  retinal  vessels  which  curve  over  its  surface  are  elevated 
0.5  mm.  above  the  normal  level  of  the  fundus.  The  surface  of  the  patch  is 
entirely  depigmented  but  along  its  inner  border  pigment  has  emigrated  and 
settled  around  the  descending  macular  vein.  Beyond  the  outer  border  of 
the  patch  the  retinal  pigment  is  thinned,  exposing  the  choroidal  vessels. 
The  smaller  deposits  resemble  the  large  one. 

Tuberculosis  has  long  been  regarded  as  a  probable  cause  of  obscure 
cases  of  choroiditis,  but  only  since  the  employment  of  tuberculin  in  diag- 
nosis  has  It  been  demonstrated  that  the  proportionate  number  of  tuber- 
culous  cases  is  large.  Formerly,  but  two  types  of  tuberculosis  were  recog- 
nized  in  the  choroid,  f.  e.^  miliary  tubercle  which  appears  in  the  late  stage 
of  general  miliary  tuberculosis,  and  conglomerate  tubercle  which  forms  an 
intraocular  tumor.  At  the  present  time  it  is  believed  that  tuberculosis  may 
appear  also  as  an  exudative  choroiditis,  focal  or  diffuse,  and  that  the  oph- 
thalmoscopic  picture  is  by  no  means  constant.  Pure  tubercle  is  a  non- 
inflammatory,  nonvascular  growth  which  replaces  the  tissue  in  which  it 
grows;  facts  to  be  borne  in  mind  when  diagnosticating  this  disease.  Authors 
have  remarked  the  absence  of  pigmentation  in  early  tubercular  lesions  of 
the  fundus.     Conclusive  observations  upon  this  point  are  lacking,  but  it 
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18  probable  that  the  chromophores  of  the  choroid  and  retinal  epithcüum  are 
eompletely  destroycd  and  replaced  by  tubercle.  When,  howevcr,  a  tuber- 
cular  lesion  of  the  choroid  heals,  the  surrounding  epitheÜum  proliferatea 
and  «ndeavors  to  repair  the  datnage  as  in  loss  of  tissue  from  other  causes, 
consequently,  a  posttubercular  cicatrix  is  pigmcnted.  The  amount  of  dis- 
turbance  created  in  adjacent  tissues  by  intraocular  tubercle  appears  to  vary 
according  to  the  location  of  the  deposit.  In  the  ciliary  body  I  have  seen 
tubercle  perforate  the  sciera  with  little  or  no  intraocular  disturbance  (Fig. 
225).  In  the  choroid,  tubercle  usually  produces  cdema  or  Hat  detachment 
of  the  retina  and  cloudiness  of  the  vitreous.    Nevertheless,  from  the  known  . 


nature  of  tubercle,  it  is 
than  inflammatory.     AI! 
thu8>  destruction  of  the 
the  retina  Jnto  the  vitrei 
by  fluid,  but  usually  is  1. 
invadcs  and  closes  the  i 
and  Stock  hold  that  th 
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break  down  and  becon 
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forms  of  tuberculosis  hav 
i.e.,  tubercular  meningitis 
On  the  other  band,  the  ch' 
Miliary  tubercles  appear  \ 
at  first  grey  but  later  yellT~ 
do  not  exceed   1/3  disc 
miliary  tubercles  in  the  ■ 


disturbance  is  mechanical  rather  J 
lefore  the  advance  of  tubercle;  J 
nits  fluid  to  pass  freely  through  t 
e  retina  may  be  slightly  elevated  | 
ichment  occurs.     When  tubercle  I 
lOrrhages  may  ensue.     Axenfeld  I 
Dus  disease  of  intraocular  bloodl 
üliary  tubercles  appear  to  create  1 
cle  of  the  choroid  is  prone  to 
^ercle  bacilli  are  enclosed,  may 
y  tubercular  scars  that  act  thus 
Tuberculosis  allccts  the  choroid  i 
It  does  not  appear  possible  for 
:ular  focus  in  the  body.    Certain  , 
eposit  metastases  in  the  choroid, 
id  general  miliary  tuberculosis.  | 
fected  In  pulmonary  tuberculosis. 
very  small,  softly  outlined  spots, 
rhey  rapidly  increase  in  sizc  but 
sd  Plate  2).     The  presence  of 
it  importance  in  diagnosticating  l 


doubtful  cases  of  continuea  icv»,. 

Pathologists  recognize  th  rc  in  which  tuberculosis  occurs  in 
the  choroid:  ( 1 )  Miliary  tubt  .  tu  it  In  nearly  all  cases  of  general, 
miliary  tuberculosis.     Miliary  tuDei  e  most  frequent  around  the  disc 

but  are  found  In  all  parts  of  the  choroia.    They  are  most  frequently  found 
in  the  outer  layers  where  they  project  outwards  into  the  suprachoroidea,  ' 
but  they  may  be  deposited  In  all  layers.     As  a  rule,  they  are  discrete 
although  fusion  may  occur.    The  devcloped  nodules  exhibit  the  itructure 
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COLORED  PLATE  II 

Tuberculosis  of  the  Choroid 

.1 

Typical   Miliary  Tubercle. 
(Specinien  fruni  tlie  Iris.) 
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typical  of  miliary  tuberde,  consisting  of  the  Langhans  type  of  giant  cell 
surrounded  by  epthelioid  and  mononuclear  cells  (Fig.  54).  Tuberde 
badlli  may  or  may  not  be  demonstrable  in  the  tissues.  ( 2 )  Diffuse  uveal 
tuberculosis.  The  cntire  uvea  is  involved.  The  choroid  may  be  uniformly 
thidcened  by  development  of  granulation  tissue,  containing  giant  cells  and 
poorly  developed  tuberde  Systems.  The  advancing  edge  of  the  diffuse 
type  exhibits  tubcrcular  nodules.  The  disease  may  terminate  by  Perfora- 
tion of  the  sdera  or  the  granulation  tissue  may  organize  into  scar  tissue 
as  occurs  in  exudative  choroiditis.  (3)  Solitary  or  conglomerate  tuberde 
whidi  occurs  in  any  part  of  the  uveal  tract.  When  fuUy  developed  it 
forms  an  intraocular  tumor  which  may  closely  resemble  glioma  retinae. 
There  is  no  doubt  that  single  tubercles  of  large  size  develop  in  the  choroid 
and  subsequently  undergo  cicatrization. 

DiAGNOSis.  Miliary  Tuberculosis.  The  best  evidence  that  recent, 
choroiditic  spots  are  tubercular  is  a  coexisting  general  miliary  tubercu- 
losis or  tubercular  meningitis.  On  the  other  band,  it  occasionally  happens 
that  the  nature  of  an  obscurc  fever  or  cerebral  disease  is  determined  onlv 
by  discovcry  of  miliary  tubercles  in  the  choroid.*  As  distinguished  from 
choroiditis  disseminata,  miliary  tubercles  appear  in  the  choroid  as  small, 
points  which  grow  very  rapidly  until  they  attain  a  maximum  size  of  about 
1/3  disc  diameter.  The  spots  of  choroiditis,  on  the  contrary,  change  very 
slowly.  Miliary  tubercles  are  nonpigmented,  while  choroiditis  is  attended 
by  more  or  less  pigmentation.  The  constitutional  disturbance  of  miliary 
tuberculosis  is  absent  in  choroiditis. 

Conglomerate  Tubercle  (tuberculoma)  of  the  choroid  occurs 
almost  exdusively  in  the  young.  Occurring  in  those  under  five  years  of 
agc  it  requires  to  be  differentiated  from  glioma  of  the  retina.  Both  con- 
ditions  are  rare.  Positive  local  reaction  to  an  injection  of  tuberculin 
would  be  condusive  evidence  that  the  tumor  was  tubercular.  Cases  are 
reported  of  tuberculoma  with  extensive  detachment  of  the  retina,  ophthal- 
moscopically  indistinguishable  from  glioma.  Glioma  is  said  to  cast  no 
shadow  in  transillumination  of  the  eye.  Theoretically,  tuberculoma  of  the 
choroid  should  cast  some  shadow  in  transillumination  since  it  grows  in 
intimate  contact  with  the  sdera,  which  is  not  the  case  in  glioma.  When 
conglomerate  tubercle  of  the  choroid  is  ophthalmoscopically  visible, 
it  appears  as  a  light  colored  tumor  accompanied  by  neighboring,  smaller 
nodules.     The  prcscnce  of  these   "  daughter"   deposits   is  regarded   as 


*  Tuberculin  usually  falls  as  a  means  of  diagnosis  in  the  late  stages  of  general 
tubercular  infection. 
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strong  evidence  that  a  tumor  is  tubercular-  Tubcrclc  is  a  nonvaicular 
growth,  consequently,  If  adventitious  blood  vessels  are  seen  on  the  surface 
of  a  tumor,  they  point  to  glioma  or  sarcoma. 

SeptIC  RetcnITIS  of  Roth  is  a  punctate  condition  of  the  fundus  which 
naay  appear  in  the  late  stage  of  sepsis.  The  Spots  are  whiter  than 
tubercles  and  usually  accompanled  by  hemorrhages,  In  the  absence  of 
history,  however,  differentiation  from  miliary  tuberculosis  would  be 
extremely  difficult. 

FoCAL  Tuberculosis  of  the  Choroid.  Cascs  of  tubercular  patches 
in  the  choroid  which  have  been  studied  with  the  ophthatmoscope  are  so 


few  in  number  that  a  characterlstic 
not,  as  yct,  been  formulated.     Neve 
of  intraocular  tuberculosis.     It  app 
Choroiditis  in  children  and  \ 
prcsumably  tuberculous.     1 
cular  is  local  activity  in  the  n 
In  all  doubtful  cases  the 
cmployed. 

The  foUowing  table  v 

FocAL  Tubercular  Choi 

Frequently  unilateral  usui 

fined  to  a  limited  area. 
'  (May  spread  throughout  fundus). 
Extends       by       development       of 

"  daughter  "  tubercles  in  prox- 

imity  to  original  tubercle. 
Old    cicatrices    may    be    starting 

point  of  a  fresh  outbreak. 
Surface  usually  more  elevated  than 

in  exudative  choroiditis. 


picture  of  the  condition  has 
this  is  the  most  common  type 
all  parts  of  the  uveal  tract. 
i,  in  the  absence  of  syphilis, 
;  that  a  choroiditis  is  tuber- 
owing  injections  of  tuberculin. 

for  Syphilis   should  also  be 

ef  points  of  distinction : 

Exudative  Choroiditis. 
Uy  bilateral. 
:ly  disseminated. 
Appi  ars  simultaneously  throughout 

widc  areas. 
Cicatrices    once     formed     remain 

quiet. 
Surface  not  elevated  except  in  casca 
of     subretinal      elTusions     and 
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Stereogram  24.  Diffuse  Chorioretinitis,  Atrophic  Stage. 
Rftinitic  Optic  Atrophy  (Yellow  Atrophy).  Left  eyeground  of  a 
man  41  years  of  age.  No  history  or  Symptoms  of  Syphilis.  Wassermann 
reaction  negative.  Several  immediate  relatives  have  been  aflected  with 
tuberculosis.  The  right  eye  has  normal  vision  and  the  fundus  presents 
no  evidence  of  dlsease.  In  early  manhood  palnless  loss  of  vision  occurrcd 
in  the  left  eye.     Central  vision  is  20/100.     The  visual  field  contains 
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large  irregulär  defects  which  correspond  to  areas  of  destruction  in  the 
choroid.  The  ophthalmoscopic  plcture  is  that  of  wide-spread  vascular 
degeneration  of  the  choroid,  and  moderate  atrophy  of  the  retina.  Ex- 
cept  in  the  macular  region,  the  retinal  epithelium  has  lost  its  pigment, 
thereby  exposing  the  vessels  of  the  choroid.  A  few  masses  of  this  pigment 
are  scattered  throughout  the  retina.  The  disc  is  surrounded  by  a  broad, 
white  area  in  which  the  choroid  has  undergone  extreme  atrophy. 

It  is  noticeable  that  in  nearly  all  cases  of  wide-spread  atrophy  of 
the  choroid  the  process  is  furthest  advanced  around  the  nerve.  The 
reason  for  this  is  not  altogether  dear,  although  it  may  be  due  to  the 
dose  adhesion  between  choroid  and  sdera  that  normally  exists  in  this 
region,  while  elsewhere  the  two  membranes  are  separated  by  lymph  Spaces. 
The  retina  is  somewhat  atrophic  as  shown  by  pigmentation,  slight  narrow- 
ing  of  the  retinal  vessels  and,  especially,  by  yellow  atrophy  of  the  nerve. 
On  the  outer  side  of  the  macula  is  a  large  atrophic  patch  in  which  only 
a  few  of  the  larger  choroidal  vessels  remain.  Similar  patch^s  exist  in 
the  periphery  of  the  fundus  which  do  not  appear  in  the  picture.  A 
sderosed  choroidal  vessel  may  appear  like  a  solid,  white  band,  never- 
theless,  it  may  contain  a  lumen  through  which  blood  circulates.  This 
choroid  has  passed  through  a  diffuse  inflanmiation  of  sufficient  intensity 
to  cause  irregulär  sderosis  of  the  vessels.  In  those  regions  of  the  fundus 
presenting  a  red  reflex  the  retinal  epithelium  has  not  been  entirely 
dispersed,  and  the  dark  intervascular  Spaces  of  the  choroid  indicate 
the  presence  of  choroidal  pigment.  The  dirty-yellowish  patches  around 
the  disc  and  elsewhere,  mark  the  site  of  an  intense  inflammatory  process 
which  has  destroyed  the  pigmented  cells  and  vessels  of  the  choroid.  After 
inflanunation  of  the  choroid  has  subsided  the  membrane  may  pass  through 
the  varied  stages  of  tissue  degeneration  induding  the  deposit  of  cal- 
careous  matter  and  formation  of  bone.  These  advanced  degenerative 
processes  usually  occur  in  soft  eyes  although  bone  may  form  in  a  sderosed 
area  around  the  disc  even  though  eye  tension  is  not  lowered. 

The  cause  of  choroiditis  in  this  eye  was  not  ascertained.  Whatever 
the  toxin,  it  was  no  longer  active  when  the  patient  came  under  Observation. 
S3rphilitic  choroiditis  usually,  but  not  invariably,  affects  both  eyes.  Oc- 
ular  tuberculosis,  on  the  other  hand,  generally  is  unilateral  and  it  is  not 
improbable  that  this  is  a  picture  of  healed  tuberculous  lesions.  I  once  saw  a 
similar  eyeground  in  a  young  woman,  in  which  tuberculosis  developed  in  an 
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old  dcatrictal  patch.  Thts  form  of  chorolditis  diScrs  from  choroiditis  dis- 
seminata in  being  unilateral  and  non-progressivc,  also,  by  its  patchy, 
irregulär  distribution. 

Stereogram  25.  Vascular  Degeneration  of  the  Choroid 
(Sderosis  of  the  Choroid).  Atrophv  of  Retina  and  Nerve.  Right 
eyeground  of  man  32  years  of  agc.  Six  years  ago  a  vlolent  blow  on  the 
right  brow  produced  completc  and  permanent  blindness.  It  is  probable 
that  an  orbital  fracture  occurred  which  cxtcndcd  through  the  optic  canal 
and  lacerated  the  optic  nerve.  The  same  injury,  in  some  way,  closed 
the  Wood  supply  to  the  cho- 
MTe  is  the  same  as  foltows 
choroid  are  highly  sclerosed 
iirthest  advanced  around  the 
white  Strands  of  conneaive 
I  a  red  re8ex.  The  retinal 
lent  some  of  which  has  emi- 
figures  in  the  retina.  The 
ghly  atrophic  by  the  extreme 
rance  of  all  small  branches. 
lined  and  slightly  excavated. 
IC  disc  in  a  nonglaucomatous 
to  extreme  atrophy  and  con- 
occasionally  found  in  micro- 
:h  the  retina  is  not  detached 
im  the  tcnsion  is  normal,  the 
ar  other  inflammation;  thcre- 
malnutritive  degencration  of 
f  the  ophthalmoscopic  picture 
tlon.  Thus,  Wagenmann  cut 
without  injuring  the  retinal 
:  dioroid.  destruction  of  the 
.   .  >  and  dcgcneration  of  its  outer 

layers.  On  the  other  hand,  section  oi  oni^  the  optic  nerve  and  retinal 
vessels  without  disfurbing  the  cüiary  arte  ,  resulted  in  degcneration  of 
the  inner  retinal  layers  but  thcre  was  no  «^  Generation  of  the  choroid  or 
pigmentition  of  the  retina.  From  these  cxperiments  it  is  assumcd  in  this 
case  that  the  Wood  supplies  of  both  choroid  and  retina  were  interrupted. 
If  this  erplanation  be  accepted,  why  does  Wood  continuc  to  circulate  in 
the  vessels?   It  is  a  dintcal  fact,  wfaidi  I  have  wHnessed.  tfaat  after  « 
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of  the  optic  nerve  has  been  excised,  and  all  vessels  which  enter  the  eye 
posteriorly  cut,  a  meager  circulation  reappears  in  the  retina  within  a  few 
hours.  In  such  cases  it  is  assumed  that  the  blood  enters  the  choroid 
through  the  recurrent  branches  of  the  anterior  ciliary  arteries  and  reaches 
the  retina  through  the  coUaterals  around  the  head  of  the  nerve  (circle  of 
Zinn).* 

DiAGNOSis.  In  this  fundus  sclerosis  of  the  choroid  is  so  prominent 
that  the  condition  of  the  nerve  and  retina  might  easily  be  overlooked.  That 
the  origin  of  the  degenerations  is  traumatic  and  involves  the  optic  nerve 
18  suggested  by  the  absolute  blindness  of  the  eye  and  extreme  atrophy  of 
the  disc.  The  condition  is  differentiated  from  senile  degeneration  of  the 
choroid  by  its  wide  extent  and  limitation  to  one  eye.  It  differs  from  exu- 
dative  choroiditis  by  its  uniform  distribution  and  absence  of  deep  choroidal 
cicatrices.  From  diffuse  choroiditis  the  differentiation  is  more  difficult, 
but  in  this  affection  the  lesions  are  distributed  with  considerable  irregularity 
and  the  atrophy  which  foUows  is  less  uniform.  The  condition  could 
scarcely  be  mistaken  for  albinism.  Moreover,  in  none  of  the  diseases  men- 
tioned  is  the  eye  completely  blind. 

Stereogram  26.  Atrophy  of  Choroid.  Acquired  Albinism. 
(Depigmentation  of  Fundus  in  a  Diabetic) .  Right  eyeground  of  a  woman 
53  years  of  age.  Mother  of  eight  healthy  children.  Although  well 
nourished  and  apparently  healthy,  the  urine  contains  9  per  cent.  of  sugar. 
Always  had  good  vision  until  two  years  ago,  when  it  began  to  fail.  Right 
eye  counts  fingers  at  three  feet.  Left  eye,  vision  is  20/70.  Visual  fields 
contain  large  irregulär  defects.  There  is  neither  photophobia  nor  torpor 
retinae.  Has  never  experienced  any  subjective  Symptoms  of  choroiditis, 
f.  e.f  photopsiae,  micropsiae,  etc.  Similar  fundus  changes  exist  in  both  cyes, 
but  are  furthest  advanced  in  the  right.  In  this  eye  there  is  almost  com- 
plete  depigmentation  of  the  entire  fundus.  The  choroidal  vessels  appear 
with  great  distinctness  against  the  uncovered  sclera,  producing  an  oph- 
thalmoscopic  picture  closely  resembling  that  of  albinism  (Stergm.  15). 
The  smaller  vessels  of  the  choroid  and  choriocapillaris  have  disappeared 
from  large  areas  of  the  fundus  which  now  present  a  white  reflex.  Evi- 
dently,  these  choroidal  vessels  have  been  obliterated  by  a  simple  atrophic 
process,  inasmuch  as  no  evidence  of  inflammatory  action  exists  in  the  eye. 


*In  tamors  of  the  optic  nerve  adventitious  vessels  form  beforc  Operation,  which 
replace  the  central  artery  and  supply  the  retina. 
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The  retinal  vcssels  appcar  normal.*  The  disc  shows  no  sign  of  disease, 
although  it  appears  reddened  and  ill  de5ned  as  In  all  cases  where  it  is 
no  longer  contrasfed  with  the  normal  choroid,  The  choroidal  atrophy  is 
most  markcd  in  thc  posterior  polar  zone  and,  in  a  gencral  way,  diminishes 
toward  the  periphery.  The  disc  is  surrounded  by  a  widc,  irregular-shaped 
ring  of  highly  atrophic  choroid.  The  choroidal  and  retinal  pigment  havc 
vanished  without  migratlng  into  the  retina,  On  the  temporal  side  of  the 
picture  are  three  small  groups  of  pigment  Specks,  situatcd  among  the 
vessels  of  the  choroid,  Thc  macular  region  contaJns  a  few  reddish  Spots 
which  have  partially  resisted  the  degenerative  process.     One  of  these 
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diabetes,  a  disease  known 
When  diabetes  affects  the 
picture  of  retinitis.     It  may  u 
vessels  should  be  attended  by  edcui 


,  round,  red  spot.  That  this 
y  directlng  her  to  look  at  the 
I  this  red  spot  will  be  found 

ins  no  pigment,  consequently, 
ntense  photophobia.  In  this 
and  she  had  no  intolerance 
leory  that  it  is  the  pigment  in 
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f  be  attributed  to  the  existing 
ration  of  the  ocular  vessels. 
tina,  the  fundus  presents  the 
'  degcneration  of  the  retinal 
ation  and  hemorrhage,  whÜe 
degeneration  of  the  choroidal  vessels  proouces  none  of  these  phenomena. 
The  explanation  is  found  in  thc  following  anatomie  variations.  The 
retinal  vessels  have  no  anastomoses;  hence,  obstructive  disease  Is  followed 
by  sudden  disaster.  Thc  choroid,  on  the  contrary.  Is  a  vascular  plexus 
whose  free  anastomoses  are  a  protection  agalnst  local  Ischemia,  edema  or 
hemorrhage  in  case  a  vessel  is  obstructed.  Although  the  vessels  of  this 
choroid  are  being  obliterated  by  angiosclerosls,  thelr  walls  remain  Invislble, 
diflering  tn  this  respect  from  thc  familiär  forms  of  choroidal  sclerosis  in 
which  thc  walls  of  thc  vessels  become  '  white.  Both  Raehlmann  and 
Coats  regard  translucent  thickenlng  of  „  ssel's  walls  as  due  to  disease 
of  the  inner  coat  (Intima),  and  opaque  thicKtning  of  the  walls  to  changes  in 


•  It  was  observed  as  a  curious  physical  phenomenon,  that  the  arteries  exhibited 
central  üght  streaks  only  where  they  crossed  the  nerve  or  in  regions  of  the  fundus 
which  fumished  a  reddish  background. 
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the  external  coat  (adventitia).  Opaque  vessels  are  also  rare  in  diabetic 
retinitis  although  profound  vascular  disease  is  present  as  shown  by  the 
number  of  hemor rhages  (Stergm.  38 ) .  The  depigmentation  of  this  fundus 
may  be  analogous  to  the  discharge  of  pigment  from  the  iris  and  ciliary 
body  that  follows  iridectomy  in  a  diabetic  subject.  In  such  cases  the 
amount  of  pigment  discharged  may  cause  the  aqueous  to  look  like  ink. 

DiAGNOSis.  This  rare  fundus  condition  is  presented  for  comparison 
with  other  forms  of  choroidal  atrophy,  from  which  it  is  differentiated 
chiefly  by  translucent  atrophy  of  tHe  vessels  and  destruction  of  pigment. 
It  may  be  distinguished  from  congenital  albinism  by  recent  f ailure  of  vision, 
normal  pigmentation  of  other  parts  and  atrophy  of  the  choroidal  vessels. 
The  eye  of  the  albino  is  normal  except  that  it  contains  no  pigment. 

Stereogram  27.  Senile  Changes  in  the  Fundus.  Colloid  Ex- 
CRESCENCES  (Druscn).  Macular  Degeneration.  Arteriosclerosis. 
Left  eyeground  of  a  woman  73  years  of  age.  Similar  fundus  conditions 
present  in  both  eyes.  Vision  20/50.  The  region  about  the  nerve  and 
macula  is  covered  with  superficially  situated,  round,  yellowish  dots,  none  of 
which  exceeds  in  size  the  width  of  the  central  vein*  They  are  confined  to 
the  posterior  polar  zone  and  occur  chiefly  on  the  temporal  side  of  the 
nerve.  The  dots  occur  singly  and  in  groups.  Some  of  them  are  closely 
crowded  together,  but  show  no  tendency  to  coalesce  and  form  large  masses. 
They  are  always  below  the  retinal  vessels,  but  some  of  the  larger  dots 
appear  elevated  above  the  surface  of  the  retina.  Neither  the  dots  nor 
surrounding  fundus  are  pigmented.  At  the  macula  the  foveal  pit  is  sur- 
rounded  by  a  ring  of  fine,  granulär  pigment.  The  optic  nerve  contains  a 
dccp  Physiologie  excavation  with  a  very  white  floor,  on  which  markings 
of  the  lamina  cribrosa  are  very  distinct.  These  appearances  are  within 
Physiologie  limits  and  the  nerve  may  be  considered  normal.  Arterio- 
sclerosis of  the  retinal  vessels  is  indicated  by  undue  brightness  of  the 
central  light  streak  on  all  arteries  and,  particularly,  by  the  white  walls  seen 
on  an  ascending  artery  as  it  crosses  a  vein.  All  the  morbid  changes  ob- 
served  in  this  eye  are  degencrative  in  character  and  incident  to  old  age. 

The  ycllow  dots,  so  conspicuous  in  this  fundus,  are  known  under  the 
various  names  of  colloid,  hyaline,  and  warty  excrescences,  guttäte  cho- 
roiditis,  colloid  degeneration  of  the  choroid,  etc.  Recent  English  writers 
havc  adopted  the  German  name  "  drusen  "  to  designate  these  bodies. 
A  few  colloid  bodies  are  ophthalmoscopically  visible  in  the  eyes  of  most 
very  old  people.  Occasionally  they  appear  in  great  numbers,  principally 
at  the  posterior  pole.    Similar  bodies  are  seen  in  all  forms  of  pigmentary 
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degeneration  of  the  choroid  and  thcy  are  supposed  to  constltutc  thc  spots 
found  in  retinitis  punctata  albescens.  These  dots  do  not  thcmscivcs  injure 
Vision,  but  frequently  arc  associated  with  senile  degeneration  of  the  rctina 
or  choroid  in  which  case  vision  may  be  very  low. 

In  the  cyes  of  people  ovcr  SO  years  of  age  and  in  cyes  whlch  have 
undcrgone  degencrative  changes,  the  microscope  nearly  always  rcvcals  thc 
presence  of  small,  g!obular  or  hemispheric  elevations,  situated  on  the 
inner  surface*  of  the  lamina  vitrea  which,  from  their  appearance,  have 
bcen  known  as  coUoid  or  hyalin  bodies  (Figs.  56-57).  On  thcir  inner 
surface,  thcse  bodies  are  comoletelv  or  oartly  covercd  by  the  pigmented 
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to  suppose  that  thc  excrescences  on  its  surface  originated  from  the  same 
source  as  the  membrane,  i.  e.,  that  they  are  a  deposit  from  the  cells  of  the 
pigmented  epithelium.  In  diseased  eyes  the  collolds  are  depositcd  by  the 
teils  in  response  to  an  irritant. 

The  pigment  which  surrounds  the  fovea  in  this  eye  marks  the  early 
stage  of  senile,  chorloretinal  atrophy,  The  macula  of  the  aged  frequently 
exhibits  pigment  and  Irregulär,  yellowish  spots.  These  changes  depend 
on  vascular  degeneration  of  the  chorlocapillaris.  whereby  the  rctina  is 
deprived  of  nutrlment.  The  resulting  degeneration  is  visible  chiefiy  at 
thc  macula,  for  the  reason  that  in  this  reglon  the  retina  consists  only  of 
outer  layers.     Senile  macular  degeneration  may  result  in  completc  loss  of 


•  Excr«scenceR  never  form  on  the  outer  surface  of  the  lamba,  a  fact  which  suggeats 
their  origiD  from  the  retiaal  epithelium. 
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▼mm.  When  seii3e  atrophy  of  the  choroid  extends  to  the  large  vessels, 
white,  tderotic  patches  develop,  especially  around  the  disc  and  macula* 
The  deterioration  of  vision  in  the  case  presented  above  was  due  to  the 
macular  changes»  not  to  the  colloid  excrescences. 

itetinml  degeneration  is  a  constant  feature  of  old  age.  The  mem- 
brana  limitans  and  the  fibers  of  Müller  are  greatly  thickened  and  the 
nervoQS  elements  may  degenerate.  In  consequence  of  these  changes  the 
retina  becomea  less  transparent  and  gives  a  stronger  ophthalmoscopic  reflex. 
The  most  constant  senile  retinal  degeneration  occurs  in  the  periphery. 
Here  die  retina  is  thidcened  and  diinded  by  Müller's  fibers  into  qrst-like 
Spaces  wfaidi  contain  no  trace  of  nervous  elements  (Fig.  58).  From  its 
Situation  and  from  the  appearance  of  the  spaces  this  form  has  been  termed 
Peripherie  qrstic  degeneration  of  the  retina,  or  Iwanoff's  edema. 

Arteriosderosis  of  the  retinal  vessels  is  nearly  constant  in  advanced 
age.  The  changes  are  not  always  ophthalmoscopically  visible.  Senile 
aderosis  of  the  retinal  vessels  has  not  the  same  evil  prognostic  import  as 
arteriosderosis  from  causes  other  than  age. 

Senile  alterations  in  the  optic  nerve  are  secondary  to  either  retinal 
degeneration  or  to  arteriosderosis. 

DiAGNOSis.  A  punctate  condition  of  the  fundus,  limited  to  the  pos- 
terior pole,  occurring  in  an  aged  person  is,  presumably,  due  to  colloid  ex- 
crescences. Other  punctate  conditions  which  might  be  mistaken  for  senile 
ooUoids,  differ  from  them  as  follows.  Gunn's  dots  (Stergm.  16)  occur  in 
the  young,  are  smaller  in  size  and  far  less  distinct  than  colloid  bodies. 
Retinitis  punctata  albescens  (Stergm.  54)  commences  in  early  life,  is  slowly 
progressive  and  associated  with  night  bllndness.  The  dots  appear  first 
at  the  periphery  of  the  fundus.  The  lesions  of  central  chorolditis  (Stergm. 
19)  are  differentiated  by  their  deep  Situation,  large  size,  irregulär  shape, 
presence  of  pigment  and  tendency  to  coalesce.  Furthermore,  some  of  the 
apots  are,  obriously  exudative  in  character. 

Stereogkam  28.  Rupture  of  the  Choroid.  Left  eyeground  of 
boy  10  years  of  age.  One  year  ago  the  eye  was  Struck  by  a  missile  from  a 
ding.  At  that  time  the  fundus  was  obscured  by  blood  in  the  vitreous. 
Three  months  later  suf&cient  blood  had  been  absorbed  to  disclose  a  large 
wUte  patdi  around  the  nerve  but  details  were  not  discernible.  The 
stereogram  shows  the  condition  of  the  fundus  twclvc  months  aftcr  the 
injury.  The  blood  has  been  complctcly  absorbed  from  the  vitreous,  leaving 
the  media  dear.  An  unusually  extensive  rupture  of  the  choroid  is  scen 
completely  endrding  the  nerve.     Probably,  the  laceration  conunenced 
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bctwcea  tbe  disc  and  macula,  but  was  prolonged  f ar  beyond  the  usual  length. 
ObicfTe  the  teitden<7  for  the  nipture  to  approach  tbe  nerve  Tbc  course 
of  tbe  niptare  is  concentric  with  tbe  outline  of  the  disc  In  shape  it  is 
Wide  in  the  cxnter  and  narrower  at  the  ends.  In  the  supranasal  rcgion 
it  a  rnialler  rent  in  the  choroid  with  a  lateral  extension  and  forked  ex- 
trcmity.  The  retina  is  not  torn,  as  sbown  by  its  vessels  which  pass  unin- 
temiptedly  across  the  ruptures.  For  some  distance  beyond  tbe  nipture, 
the  redna  tt  darkened  by  fine,  dust-llke  pigment,  signlfying  that  the  pig- 
mented  epithclium  was  disturbed  beyond  the  border  of  the  fracture. 
Along  the  edge  and  ove- 
groups  of  pigment.  Tbc 
epithelium  which  is  end< 


progresaively  increase  in 
Rupture  of  the  cli 
violent  coRipression  of  t 
the  front  of  the  eye  by  ; 
charged  bottle,  a.  ball- 
fractures  the  drall.    1 
istic     Almost  invariai 
three  disc  diameters  oi 
that  it  is  about  five  tir 
nasal  side.    Ruptures  co 
unamimon.   The  favoritt 
following  the  accident  wert  ,^ 
vitreous  and  hides  the  fundus. 
resorptlon  of  the  blood,  rupture  ui 
of  a  white,  cresccntlc  figure  at  the 
which  is  concentric  with  the  ma 
rupture  are  generally  pigmented. 
dme.    TT»e  rupture  may  he  either  si 


-  "'  the  exposed  sclera  are  several 
le  edge  is  proliferating  retinal 
the  hiatus.     This  pigment  will 


Toduced  indirectly  by  sudden, 

st  cases  the  force  is  applied  to 

fist,  a  missile,  cork  from  a  gas 

r,  it  Is  caused  by  force  which 

B  of  the  rupture  are  charactcr- 

, posterior  pole,  within  two  or 

d  Plate  3).     Statlstics  tndlcate 

on  the  temporal  than  on  the 

i  above  or  below  the  nerve  are 

;  macula  and  disc.    Immedlately 

age   which  usually  enters  the 

course,  is  interruptcd.     After 

[Jioroid  is  recognized  by  discovery 

>stcrior  pole,  the  long  diameter  of 

of  the  disc.     The  borders  of  the 

od  may  remain  in  tbe  rent  for  a  long 

or  multiple.    Frequently  the  rent  is 


forked  or  branched.  The  fear  invuivcs  the  entire  thickness  of  the  choroid 
and  layer  of  pigmented  epithelium.  The  suprachoroidea  also  is  torn,  but 
shreds  of  this  membrane  may  remain  in  the  wound,  attached  to  the  sclera. 
Yellowish  streaks.  in  form  and  position  resembling  ruptures,  may  follow 
trauma  or  accompany  lacerations  of  the  choroid.  These  streaks  are 
supposed  to  he  incompletc  fractures  of  the  dioroid  and  pigmented  epi- 
thelium, which  have  not  extended  through  to  the  sclera.  Rupture  of  the 
choroid  frequently  is  complicated  with  dislocation  of  the  lens,  detachment 
of  the  retina,  rupture  of  the  sphincter  pupillx,  etc    The  group  of  cases 


Rupture  of  the  Choroid 
(Siluatcil  on  ihe  Nasal  Side  o(  the  Disc) 


r 


■Senile    Degeneration    of    the 


Cvst-like  Spaces  devoid  of  n 

id   separated   by   Müller's 
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described  in  this  chapter  includes  only  those  ruptures  of  the  choroid  in 
which  injury  is  repaired  without  loss  of  the  eye.  In  a  larger  number  of 
nonperforating  injuries,  laceration  of  the  choroid  is  so  extensive  and  the 
resulting  hemorrhage  so  profuse  that  the  eye  is  irrevocably  lost  and  enu- 
deation  foUows,  without  the  choroidal  lesion  ever  coming  under  Observa- 
tion. In  a  number  of  such  cases,  microscopically  examined,  I  have  noted  a 
tendenq^  for  extensive  laceration  of  the  choroid  to  extend  to  the  edge 
of  the  nerve  or  even  into  its  substance.  A  curious  example  is  shown  in 
Flg.  59.  The  photomicrograph  is  from  an  eye  which,  thirteen  months 
before  enucleation,  was  blinded  by  a  blow  from  a  stone  projected  by  a 
blast.  Microscopic  examination  shows  an  extensive  fracture  of  the  cho- 
roid which  is  prolonged  through  the  sclerochoroidal  ring  into  the  inter- 
vaginal Space  around  the  nerve.  Through  the  aperture  thus  created  a 
knudde  of  detached  retina  has  prolapsed  into  the  sheath  of  the  nerve, 
forming  a  hernia.  Figure  60  is  from  an  eye  enucleated  ten  days  after 
violent  application  of  blunt  force  to  the  ciliary  region.  No  external  rupture 
of  the  globe.  Microscopic  examination  revealed  a  detached  retina,  large 
subretinal  blood  clot  and  a  broad  rupture  of  the  choroid,  one  end  of  which 
extended  into,  and  partly  through,  the  head  of  the  optic  nerve. 

It  IS  difficult  to  understand  why  rupture  of  the  choroid  always  occurs 
at  the  posterior  pole,  usually  on  the  temporal  side,  and  follows  a  cir- 
cumpapillary  course.  The  number  of  theories  offered  in  explanation  is 
a  measure  of  their  inadequacy.  These  are,  (1)  contre  coup;  (2)  driving 
the  eyeball  over  the  nerve;  (3)  rotation  of  globe  which  suddenly  is 
arrested  by  the  optic  nerve  or,  (4)  by  the  short  ciliary  arteries.  The 
Position  of  the  classic  rupture  of  the  choroid  corresponds  to  the  posterior 
border  of  the  oblique  muscles  and  it  is  probable  that,  whcn  the  sclera  and 
attached  choroid  are  forcibly  driven  backward,  these  muscles  contract 
spasmodically,  and  that  the  choroid  is  broken  across  their  rigid  edge. 
The  retina  escapes  laceration  because  it  is  free  and  unattached. 


SCLEROSIS  OF  THE  RETINAL  VESSELS  {ANGIOSCLEROSIS) 
AND  RETINAL  HEMORRHAGE. 

In  the  following  paper  an  eßort  has  been  made  to  present  the 
Pathologie  events  of  arteriosclerosis  in  sequencc,  although,  cllnically,  no 
disease  ts  more  erratic  in 
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pulse,  especially  pronounced  wherever  an  artery  made  a  sharp  bend.    The 

veins  were  of  normal  size  and  not  unduly  tortuous.     The  optlc  disc  was 


s  of  sclerosls  of  the  retinal 
in  of  the  arteries.  Thoma  con- 
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f  tortuosity.  The  pulsation  is 
the  whole  artery,  most  marked 
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disappears.  Observations  are 
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the  fundus  was  a  streng  arterial 


*  Suggests  thf  neceasity  of  usiriK  the  ophthalmoicope  in  general  diaKüosia. 
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•lightly  reddened.  Urine  was  found  to  contain  albumin  and  hyalin  casts. 
Heait  aligkdy  dilated  but  no  murmurs.    Blood  pressure  was  1 20  mm.  Hg. 

In  the  early  stage  of  typical,  retinal  arteriosderosis  the  veins  are 
unduuiged  and  as  a  rule  are  less  tortuous  and  no  broader  than  the  arteries. 
This  diseasc,  however,  is  capricious  and  the  veins  may  be  attacked  before 
die  aiteriea,  in  which  event  there  is  venous  turgescence  and  no  pulsation 
in  the  arteries.  In  the  case  described  above,  the  blood  pressure  was  not 
elevated.  Plrobably»  it  always  is  normal  or  subnormal  in  the  stage  of 
arterial  relaxation  and  dilation.  Later  in  the  disease  when  the  arteries 
grow  rigid  and  the  terminals  unyielding,  blood  pressure  will  be  increased. 
In  very  early  arteriosderosis,  the  relaxed  blood  vessels  absorb  much  of 
the  force  imparted  to  the  pulse  wave. 

Degenerative  dianges  in  the  arteries  always  are  accompanied  by 
analogous  dunges  in  the  veins,  although  the  disease  may  be  further  ad- 
▼anced  in  one  than  in  the  other.  Nearly  all  the  retinal  vessels  may  exhibit 
disease.  More  often,  however,  the  pathologic  dianges  are  limited  to  a 
certain  vatcular  drcuit  or  even  to  a  single  vessel.  Angiosderosis  is  as- 
aodated  with  a  variety  of  chronic  diseases,  to  some  of  which  it  bears  a 
causative,  and  to  others  a  secondary  relation.  In  any  event,  the  discovery 
•f  vascular  degeneration  in  the  retina  is  an  omen  of  gravest  significance. 

Opportunities  for  the  nucroscopic  study  of  early  arteriosderosis  are 
rarei  consequently  little  is  known  of  the  histologic  dianges  occurring  in 
the  stage  of  arterial  relaxation  and  dilation.  Mott  considers  degenera- 
tion of  the  elastic  and  muscle  fibers  as  the  primary  lesion.  Jores  says 
diat  arteriosderosis  commences  by  formation  of  spaces  in  the  elastica,  at 
die  period  of  time  corresponding  to  arterial  dilation.  Ribbert  also  de- 
•cribes  the  first  change  as  spacing  of  the  intima.  Thoma  saw  the  starting 
point  in  a  noninflammatory  swelling  of  the  media.  Vasomotor  paralysis  has 
been  advanced  as  a  cause  of  the  early  relaxation.  This  appears  improbable ; 
at  least,  section  of  the  cervical  sjrmpathetic  in  animals  does  not  affect  the 
retinal  vessels. 

Etiology.  No  age  is  exempt  from  arteriosderosis,  but  in  infancy  it 
18  rare,  while  as  a  manifestation  of  senility  it  is  constant.  It  is  much  more 
prevalent  among  young  adults  of  both  sexes  than  is  generally  supposed. 
It  is  common  among  muscular,  hard-working  individuals  and  comparatively 
rare  among  the  feeble.  Vascular  disease  is  more  common  among  men 
than  women,  but  not  where  women  perform  the  same  manual  labor  as 
men  and  not  after  the  climacteric.  It  is  very  frequent  among  those  who 
labor  in  a  cold,  damp  atmosphere.    The  most  important  f  actor,  however,  is 
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heredity,  manifested  in  certain  familles  by  a  tendency  to  vascular  degenera- 
tion  from  slight  causes  and  by  premature  senility.  Arteriosclerosis  is  inti- 
mately  associated  with  chronic  nephritis  and  süght,  vascular  changes  in  the 
retina  may  antcdate  the  appcarance  of  albumin  in  the  urine.  Prominent 
causative  diseases  are  gout,  articular  rheumatism  and  syphüis.  Vascular 
degeneration  often  is  traceable  to  the  toxic  action  of  lead,  alcohol,  tobacco, 
phosphorous  and  other  drugs.  Many  recent  writers  regard  intestinal 
autointoxication  as  one  of  the  common  causes  of  this  disease.  Infectious 
vasculitls  may  occur  in  any  infection. 

DiAGNOSis.  Opportunities  seldom  occur  for  diagnostlcaCing  arterio- 
sclerosis during  the  stage  of  arteriüi  i  '  :ation.  Simple  association  of 
tortuous  arteries  with  a  locopr^'-iQ  s»-  is  almost  pathognomonic  of 

arteriosclerosis.    Aortic  reg"  sm  and  Basedow's  disease  may 

also  show  locomotion  puls:  an  diseases  must  be  excluded  in 

making  the  diagnosis.    As  m  the  locomotion  pulse,  which 

occurs  in  the  arteries  throu  i  pressure  arterial  pulse  is  con- 

fincd  to  the  disc.     Pulsat  arteries  should  not  be  dlag- 

nosticated  unless  it  is  dii  ikable.     Slight  movements  of 

the  patient's  eye  or  of  the  re  easily  mistaken  for  pulsation 

in  the  vessels. 

As  first  descrlbed  by  ;  and  distension  of  the  vesset 

Walls  in  arteriosderosls  is  f  proliferation  and  thlckening 

of  the  intima,  media  and  auvt»i.k  «  {.  ess  regarded  as  compensatory. 
With  the  advent  of  this  process  tue  dis  j  enters  the  stages  of  vascular 
rigidity  and  degeneration,  the  pathology  ui  vchich  includes  nearly  all  morbid 
changes  that  occur  in  the  inner  layers  of  the  retina.  The  chief  oph- 
thalmoBCOpic  features  of  the  degenerative  stage  are  changes  in  the  color 
of  the  vesaeis,  opacitles  in  their  walls  and  abnormal  varlations  in  the  size 
of  the  blood  colunins.  The  arteries  as  a  whole  are  soraewhat  lighter  in 
color  than  normaL  In  addition,  the  central  light  streak  becomes  brighter, 
broader  and  extends  unusually  far  out  into  the  periphery.  When  this  ap- 
pearance  is  pronounced,  the  vessels  have  been  aptly  compared  to  bur- 
nished  wire  and  are  called  "  silver  wire  arteries"  (Stergm.  34),  The 
scierosed  wall  of  a  retinal  vessel  may  or  may  not  become  opaque,  A 
normal  retinal  vessel  has  transparent  walls.  It  Is  the  column  of  blood 
within  the  vessel  and  not  the  vessel  itself  that  is  seen.  Therefoce,  an 
opacIty,  however  slight,  connected  with  a  blood  column  should  he  re- 
garded as  abnormal.  When  the  walls  of  a  vessel  become  visible  the 
blood  column  appears  bordered  by  Ught  lines,  the  distinctness  of  which 
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it  govemed  by  the  degree  of  ppadty.  Of  course,  the  opacity  is  not 
limited  to  the  lateral  walls,  but  is  visible  only  there,  because  the  light  f  rom 
the  blood  column  renders  tränslucent  a  moderate  opacity  in  the  overlying 
wilL  Also»  on  the  sides  of  the  vessel  we  are  looking  through  a  much 
greater  thickness  of  tissue  than  on  the  top.  The  degree  of  opacity  in 
the  walls  of  a  retinal  vessel  is  no  measure  of  the  thickening  which  exists. 
In  facti  the  walls  may  be  thickened  even  to  the  point  of  oblitering  the 
lumen  without  becoming  visible.  Thickening  and  opacity  of  the  walls  is 
iint  dittinguishable  and  most  pronoünced  where  an  artery  crosses  over 
a  rein.  Under  normal  conditions  the  walls  of  an  artery  do  not  hide  an 
underlying  vein,  and  the  vein  can  be  traced  up  to  the  blood  column  of  the 
artery  and  sometimes  may  be  faintly  seen  as  it  passes  beneath.  If,  how- 
ever»  the  walls  of  the  overlying  artery  are  opaque  they  obscure  the  vein 
and  the  course  of  the  latter  appears  to  be  interrupted  at  a  short  distance 
on  either  side  of  the  artery  (Stergms.  30-31-32).  Frequently,  an  under- 
lying vein  is  hidden  by  an  artery  with  thickened  but  tränslucent  walls. 
In  sudi  cases  an  open  space  appears  to  separate  the  ends  of  the  vein, 
whidi  seem  to  be  pointed,  f  rom  the  artery.  Sometimes  a  sclerosed  artery  is 
▼iiible  beneath  a  thin  normal  vein.  As  a  rule,  opacities  extend  only  for 
short  distances  along  a  vessel.  Opacities  often  appear  as  plaques  or  bright 
qxitt  in  the  walls. 

Arteriosderosis  shows  a  preference  for  the  large  vessels  on  the 
diiCi  especially  the  central  artery  and  vein  at  their  point  of  bifurcation 
(Flg.  61).  Arteriosderotic  changes  on  the  disc,  however,  should  be 
diagnosticated  with  caution,  inasmuch  as  it  is  a  common  congenital  con- 
dition  for  the  large  vessels  on  the  disc  to  be  ensheathed  with  connective 
tissue»  which  appears  as  narrow  white  lines  bordering  the  arteries  and 
veins.  As  a  rule,  this  tissue  only  extends  to  or  slightly  beyond  the  edge  of 
the  disc.  As  wall  degeneration  advances  the  blood  column  becomes  ir- 
regularly  narrowed.  Tränslucent  thidcening  of  the  wall,  with  greatly 
narrowed  blood  column,  limited  to  short  sections,  is  said  to  indicate 
nodular,  endothelial  proliferation  (endarteritis  nodosa). 

Stereogram  30.  Advanced  Sclerosis  of  Retinal  Vessels. 
Left  fondus  oculi  of  a  laboring  man,  59  years  of  age,  with  ad- 
vanced  general  arteriosderosis.  Urine  normal.  Marked  arteriosderotic 
changes  appear  in  both  retinae,  especially  the  left.  The  disc  has  a  brick- 
red  color.  The  arteries  are  narrowed  but  not  tortuous.  The  walls  of  the 
primary  subdivisions  of  the  central  artery  are  thickened  but  tränslucent 
as  shown  where  they  cross  over  a  vein.  At  such  points  the  underlying 
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vein  ia  completely  obscur«J  for  a  short  «fittsnce  on  «cfa  «de  of  tfae 
artery,  but  the  walU  of  the  ancry  irc  not  visihle  with  a  biight  illoml- 
nation.  This  form  of  thickening  Is  suppoted  to  indJcate  endothelial  pro- 
liferation  in  the  arrcry-  In  the  inferior  temporal  vcin  tfac  blood  column 
is  irregularly  narrowcd  and,  in  places,  bordered  by  white  lines.  These 
linear  opacities  are  supposed  to  be  tn  the  outer  walls  and  impty  that  the 
sclerosing  process  has  extendcd  to  the  media  and  adrcntitia.  The  veins 
are  tortuous,  dilated  and  broadened  peripherally.  In  pa&sing  bclow  a 
scterosed  artery  they  appear  narrowcd  and  dlsappear.  The  most  con- 
spicuous  changes  are  found  in  che  superior  temporal  vein.     Betwcen  the 


Hrtremely  tortuous  and  greatly 
ire  ectatic  Beyond  the  polnt 
e  abruptly  and  enormously  di- 
relns  have  developed  along  the 
I  to  which  this  vcin  is  distrib- 
old  and  recent  hemorrhage&. 
lins  consists  of  dilated  venules 


disc  and  point  of  bifurcation,  the 
narrowcd  except  at  certain 
of  bifurcation  the  branches 
lated.    A  great  number  of 
constrictcd  portion.     Thn 
uted,  the  retina   Is  opaqi 
The  meihwork  (wundern 
which  ha  VC  established  a 

DlAGNOSlS.    The  0]  piosis  of  retinal  artcriosdcrosis 

!•  made  only  after  a  succ  some  of  the  vascular  changes 

deicribed  above.     A  comi  taking  a  congenital  connective 

tiuue  iheath,  on  a  dIsc  ^  thologic  condition.     The  con- 

genital tiHue  Is  limited  to  hie  u  ^,  .   though  very  dense,  the  retinal 

vetfejs  are  perfectly  normal.     ^  sucn  dense  opacity  due  to  arterio- 

•deroiit  it  would  be  accompanicü  by  unriistakable  evidence  of  disease 
elsewhere  in  the  retina.  Healthy  retinal  vessels  are  vcry  compressible, 
while  Klerosed  vessels  are  comparatively  incompressible.  These  facts 
may  be  utilized  in  diagnosis.  Thu9,  If  gradually  increasing  pressure  is 
applied  by  the  finger  to  the  eye  the  following  phenomena  may  be  observed 
with  the  ophthalmoscope :  (1)  strong  venous  pulsation  appears  on  the 
di«;  (2)  arterial  pulsation:  (3)  cessatlon  of  circulation  and  blanching 
//f  the  veiiels.  Rigid  vessels,  on  the  other  band,  resist  pressure  and, 
Höhere  retinal  arteriosclcrosis  is  advanced,  neither  venous  pulsation  nor 
Manching  of  the  vessels  can  be  produced  by  pressing  on  the  globe  with 
th«  finger,  The  ease  with  which  the  retinal  circulation  can  be  arti- 
tidzWy  arrested  is  a  measure  of  arterial  tension  and  mural  rigidity. 
M'lcilte  Black  atates  that  where  the  heart  is  dilated  and  the  blood  pressure 
\im,  prcHure  on  the  globe  causes  decided  emptying  of  the  arteries  with 
bwt  littlf  change  in  the  veins.    There  are  certain  extemal  ocular  mani- 
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festations  of  arteriosderosis  of  considerable  diagnostic  value.  Spon- 
taneous  subconjunctival  hemorrhage,  ocular  or  palpebral,  occurring  in 
people  over  35  years  of  age,  usually  tndicates  vascular  degeneration. 
The  same  is  true  of  fugitive  edema  of  the  lids.  Hirschberg  first  noticed 
that  persona  with  arteriosderosis,  especially  of  the  cerebral  vessels,  were 
subject  to  recurring  Chemosis  of  the  conjunctiva.  This  was,  presumably, 
caused  by  dosure  of  small  branches  from  the  anterior  ciliary  vessels. 
White  lines,  due  to  distension  of  the  perivascular  sheaths,  border  the 
vesseU  in  early  neuritis  (Stergm.  65)  and  after  severe  concussions  of 
the  retina  (Stergm.  59).  Such  lines  are  differentiated  from  arteriosclerotic 
opadty  by  their  Situation  on  and  near  the  disc,  by  the  evidently  acute  nature 
of  the  process  and  by  the  history.  When  intraocular  pressure  is  increased 
by  pressing  on  the  eye  with  the  finger,  pulsation  occurs  in  the  retinal  veins 
and  aiteries.  The  degree  of  pressure  necessary  to  cause  pulsation  is  diag- 
nostic; thus,  in  normal  eyes  it  is  produced  by  moderately  firm  pressure;  in 
glaucoma  it  appears  when  the  eye  is  barely  pressed,  but  it  cannot  be  Induced 
in  a  sderosed  artery  by  any  degree  of  compression. 

The  effect  of  high  blood  pressure  in  the  retina  is  feit  especially  in  the 
terminal  venous  twigs,  which  become  distended,  tortuous  and,  apparently, 
increased  in  number.  Retinal  arteries  do  not  retain  the  tortuosity  ac- 
quired in  the  early  stage  of  arteriosderosis.  As  the  arterlal  walls  be- 
come rigid  from  proliferation  of  new  tissue,  tortuosity  decreases  in  the 
arteries  and  increases  in  the  veins.  Raehlmann  observed  that  tortuosity 
of  the  retinal  arteries  was  most  pronounced  where  general  arteriosderosis 
was  but  slightly  developed,  and  entirely  absent  in  the  most  highly  dc- 
veloped  cases  of  this  disease.  Arterial  pulsation  also  disappears  as  rlg- 
idity  develops  in  the  arteries.  Raehlmann  describes  a  characterlstlc  type 
of  venous  pulsation  usually  present  in  advanced  arteriosderosis.  Other 
observers,  including  the  writer,  have  been  less  fortunate  than  Raehlmann 
in  discovering  this  pulse.  In  passing  under  a  sderosed  artery  a  veln 
dips  with  a  sharp  twist  beneath  it  and  at  the  same  time  appears  to  narrow. 
The  pointed  appearance  which  a  vein  assumes  as  it  passes  beneath  a 
semiopaque  artery  is  an  optical  effect  produced  by  the  walls  of  the  over- 
lying  artery  which  gradually  obscure  the  vein.  A  rigid  artery  lying  across 
a  flaccid  vein  may  interfere  with  the  venous  circulation,  causing  distension 
of  the  vein  distal  to  the  poInt  of  pressure  (Fig.  62).  The  veins  may  be 
dilated  in  the  peripheral  parts  and  narrowed  at  the  dIsc.  This  Is  due 
partly  to  thickening  of  the  venous  walls  at  the  nerve  and  partly  to  ac- 
cumulation  of  blood  in  the  terminals  and  caplllaries.    Varicosities  are  frc- 
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quent,  appeanng  as  dark,  oblong  enlargements  or  knob-tlke  protuberances 
in  the  course  of  a  vein.  Moderate  venous  distension  may  bc  the  loglcal 
result  of  arterial  rigidity,  but  when  extreme,  it  probably  depcnds  upon 
obstructive  endophlebitis  in  the  central  vein  or  branches  {Fig.  63).  MIl- 
iary  aneurisms  form  on  the  small  arteriotes  and  capitlaries.  In  tbe  larger 
vessels  local  dilations  occur  where  the  walls  are  Icast  affected.  Frequently, 
they  form  immediately  behind  a  rigid  constriction.  It  is  doubtful  if  pul- 
sating  retinal  aneurisms  occur  in  the  retina  except  as  the  result  of 
traumatism. 

Morbid  Anatomy.  Within  the  retina  the  arteries  possess  a  thlck 
wall  containing  elastic  (ibers  but  no  elastic  membrane.  The  veins  consist 
only  of  the  endothelial  linin?  upon  a  thin  connective  tlssue  wall  which 
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and  usually  terminales  in  hyaloid  degeneration  (Vein  in  Fig.  64).  These 
two  forms  of  degeneration  often  are  comblned.  An  artery  or  a  vein  may  be 
affected  with  elther  type,  but  the  arteries  tend  to  endothelial  proliferation 
and  the  veins  to  fibrosis.  Sometlmes  the  perivascular  sheath  of  a  sclerosed 
vessel  is  dilated  (Fig.  66).  The  lesion  of  syphilitlc  arteries  is  a  dense, 
round  celled  Infiltration  in  and  around  the  outer  walls  (Fig.  67)  which  Is 
followcd  by  formation  of  clcatrlcia!  tissue  (Fig.  68).  Recently,  it  has 
been  observed  that  organs  and  tissues  to  which  arteriosclerotic  vessels  are 
dtstributed  undergo  fibrosis  and  hyaloid  degeneration  colncident  wlth  de- 
generative changes  tn  the  arteries.  It  is  uncertaln  whether  these  tissue 
changes  are  wholly  secondary  to  the  vascular  disease  or  whether  both  vessel 
and  tissue  changes  result  from  the  action  of  the  same  morbid  influence. 
The  deleterious  efFects  of  arterlosclerosis  in  the  retina  appear  to  result 
from  impaired  nutrltlon  due  to  obstructlons  In  the  vessels,  and  Its  functlonal 
actlvity  does  not  appear  to  suflfer  so  long  as  circulatlon  is  not  internjpted. 
It  is  possible,  however,  that  the  retlnltls  of  albuminurla  and  dlabetes  may, 
in  part,  depend  upon  the  local  action  of  a  toxin.     Coats  suggests  that 
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disease  of  the  intima  may  be  caused  by  a  toxin  circulating  In  the  blood  while 
thickening  of  the  outer  wall  is  compensatory  to  meet  high  blood  pressure. 

The  new-formed  tissue  in  the  walls  of  a  vessel  may  undergo  retro- 
gressive  changes  and  pass  through  the  various  phases  of  fibrous,  hyaloid, 
amyloid,  fatty  and  calcareous  degenerations.  A  wall  aßected  with  fatty 
degeneration  is  easily  torn;  consequently,  hemorrhage  frequently  is  due 
to  this  cause.  In  the  hyaloid  stage  of  degeneration  both  intima  and  media 
are  replaced  by  a  glassy,  homogeneous  material  which  causes  great  re- 
duction  or  even  obliteration  of  the  lumen. 

Stereogram  31.  Arteriosclerosis  and  Optic  Neuritis.  Right 
eyeground  of  a  man  49  years  of  age  with  general  arteriosclerosis.  Is  of 
robust  appearance  and  unusually  muscular.  Works  in  a  foundry  where  he 
is  accustomed  to  carry  heavy  weights.  Takes  several  alcoholic  drinks 
daily.  Blood  pressure,  260  mm.  Hg.  Urine  contains  a  trace  of  albumin 
but  no  casts.  Vision  20/20.  Advanced  sclerosis  of  the  retinal  vessels 
in  each  eye;  most  pronounced  in  the  right.  The  optic  nerve  is 
very  red,  slightly  elevated  and  its  outlines  are  obliterated.  The  retinal 
arteries  are  pale  in  color,  pursue  a  straight  course  and  are  irregularly 
narrowed.  The  veins  are  tortuous,  dilated  and  their  course  appears  to  be 
interrupted  wherever  they  are  crossed  by  an  artery.  The  arterial  walls 
exhibit  both  translucent  and  visible  sclerosis.  The  blood  columns  of  the 
superior  nasal  and  inferior  temporal  arteries  are  completely  hidden,  for 
short  Stretches,  by  wall  opacity.  The  inferior  nasal  artery  contains  several 
slight,  fusiform  dilations  alternating  with  sharp  constrictions  in  which  the 
blood  column  is  reduced  to  a  mere  thread.  The  terminals  of  the  veins 
are  extremely  tortuous.  Varicose  dilations  (phlebectasis)  exist  on  two 
veins,  just  below  the  disc.  The  presence  of  high  blood  pressure  and  rigidity 
of  the  vessel  walls  in  this  case  is  illustrated  by  external  pressure  on  the 
eyeball,  which  fails  to  cause  either  venous  pulsation  or  blanching  of  the 
retina,  as  would  occur  in  a  normal  eye. 

DiAGNOSis.  The  degenerated  retinal  vessels  in  this  fundus  furnish  the 
key  to  a  correct  diagnosis.  In  Pseudoneuritis  (Stergm.  13)  and  in  con- 
genital cyanosis  (Stergm.  58)  arteries  as  well  as  veins  are  tortuous  and 
there  is  no  angiosderosis.  Closure  of  the  central  retinal  vein  (Stergm.  46) 
is  invariably  attended  by  profuse  hemorrhage.  In  papilledema  of  cerebral 
origin  the  nerve  head  presents  a  soft,  whitish  appearance  and  the  height  of 
the  swelling  is  much  greater  than  in  this  case.  This  fundus  is  an  example  of 
angiopathtc  disease,  ophthalmoscopically  indistinguishable  from  changes 
which  might  occur  in  Bright's  disease.    In  f  act,  the  conditions  are  identical, 
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and  there  is  no  doiibt  that  vascular  dcgeneration  exists  in  the  kidneys 
which,  when  further  advanced,  will  cause  this  casc  to  be  classed  as  onc  of 
chronic  nephntis. 
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Stereogram  32.  Rbtimal  Hbmorrhaob  in  Artekiosclbkosis. 
Right  eyeground  of  a  man  47  yean  p(  age.  Worki  in  n  brewcry  where  he 
performs  heavy  manual  labor.  Consumes  a  great  quantity  of  beer  daily. 
Blood  pressure,  190  mm.  Hg.  Urine  contains  albumin  and  caits,  but 
the  specilic  gravity,  quantity  and  urea  content  do  not  Indlcate  advanced 
degcneration  of  the  k'idncys.  Central  viaion  in  tbe  right  eye  was  suddenly 
lost  about  one  month  ago.  In  the  left  eye  vision  is  normal.  Eye  tension  is 
not  unduly  increased.  Ophthalmoscopic  examination  reveaU  extensive  de- 
gcneration of  the  retinal  vessels  in  both  eyes.    Right  eye: — Physiologie 
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ternal   Limiling    Membrane   of   tbe    Retina. 
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cxcavation  of  the  optic  disc,  but  no  neuritis.  The  macular  and  supra- 
temporal  regions  contain  numerous  small,  striate  hemorrhages.  Most  of 
the  extravasations  are  recent,  but  a  few  exhibit  yellowish-white  patches  of 
paitial  absorption  and  degeneratlon.  The  bleeding  has  occurred  prin- 
cipally  along  the  course  of  the  superior  temporal  vessels,  but  no  special 
point  of  dosure  appears  in  the  vein.  No  exudates  are  seen  in  the  fundus. 
The  retinal  arteries  are  irregularly  narrowed  and  bordered  by  distinct, 
white  lines.  Several  small,  white  plaques  of  degeneration  appear  on  the 
surface  of  the  inferior  temporal  artery.  A  crossing  artery  indents  and 
obscures  an  underlying  vein  in  the  manner  characteristic  of  arteriosclerosis. 
The  veins  are  white  bordered,  tortuous  and  alternately  constricted  and 
dilated.  The  venous  terminals  are  unduly  prominent  and  very  tortuous. 
The  inferior  temporal  veins  are  wider  at  the  periphery  than  at  the  disc. 
This  case  might  well  be  dassed  as  one  of  hemorrhagic  albuminuric  retinitis. 

Inasmuch  as  bleeding  is  a  prominent  feature  in  most  of  the  retinal 
diseases  later  to  be  described,  the  text  will  be  better  understood  if,  at  this 
point,  the  subject  of  hemorrhage  is  somewhat  fuUy  discussed. 

Retinal  Hemorrhage  is  one  of  the  most  common  pathologic  con- 
ditions  observed  with  the  ophthalmoscope  and  occurs  as  a  Symptom  in  a 
variety  of  local  and  general  diseases.  The  amount  of  blood  extravasated 
varies  from  minute  extravasation  up  to  an  almost  continuous  sheet  covering 
the  fundus.  Extensive  bleeding  breaks  down  all  barriers,  but  when  mod- 
erate its  Position  in  the  retina  usually  can  be  determined  by  its  form. 
Thus,  in  the  nerve  fiber  layer  the  blood  follows  the  direction  of  the  fibers 
and  the  hemorrhages  appear  linear,  striped,  tongue-shaped  or  as  though 
splashed  on  with  a  bnish  (Fig.  69).  In  the  decpcr  layers  the  extrava- 
sations  are  rounded  or  irregulär,  thcir  form  being  determined  by  the 
perpendicular  fibers  of  Müller  which  prevent  the  blood  from  spreading 
(Fig.  70).  If  blood  penetrates  the  external  limiting  membrane  of  the 
retina  and  appears  among  the  rods  and  cones,  it  tends  to  spread  between 
the  choroid  and  retina  (Figs.  71-72).  Multiple  capillary  hemorrhages 
consist  of  small,  round,  disseminated  flecks,  distributed  independently  of 
the  Position  or  direction  of  the  retinal  vessels  (Stergm.  38).  Small, 
round  or  oval  extravasations,  which  lift  but  do  not  rupture  the  internal 
limiting  membrane,  occur  especially  in  the  macular  region  (Fig.  73). 
Allied  to  this  form  are  the  preretinal  hemorrhages.  If  hemorrhages  are 
very  large  or  the  blood  is  extravasated  with  rapidity  and  force,  it  enters 
the  vitreous.  Bleeding  into  the  perivascular  sheaths  may  appear  as 
stripes  along  the  walls,  or  as  a  smooth  outlined  swelling  on  or  a  round 
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the  vesfd.  These  bcmatonuta  arc  distinguithabte  from  vascular  cctssiz 
hf  thdr  darfc  color  and  abscnce  of  axial  light  urcak.  Wben  fint  n:trava- 
tatcd,  arterial  blood  may  be  ligbter  in  color  than  vcnous  blood,  but  all 
hanorThagcf  loon  darken.  Tbe  color  of  tbe  blood  may  be  ligbter  in  severe 
anemias,  but  tfais  h  of  little  vatuc  in  diagnosticating  the  nature  of  retinal 
hemorrhages.  The  source  of  hcmorrhagc  is  morc  readily  detemtined  by  its 
proximity  to  a  tcs&cI  than  by  its  color;  but  evcn  tbis  test  is  unrcliable, 
inasmucfa  u  tuperficial  extravasations  may  change  posItion  or  blood  may 
be  drawn  from  a  dlstancc  into  the  sheath  of  a  large  vessel,  or  a  targe 
capillary  hemorrhage  may  occur  anywherc. 

The  »ize  of  a  vcssel  does  not  determine  the  amount  of  blood  ex- 
travasated.  Bleedtng  from  a  large  vesscl  may  be  trivial,  while  in  retinal 
apoplexy  the  blood  comes  from  the  vcnules  and  capillaries. 

Retinal  hemorrhage  is  immedlately  llowed  by  resorption  of  the 
blood.    Small  lurface  hemot       ges  ly  tn  a  weck  or  two.  dearing 

from  the  marg^n.     Large  h<  ar  from  both  periphery  and 

Center.    White  patches  cor  ^ic  leucocytes.  fatty  products 

of  degeneration  and  dead  ippear  in  and  around  the  ex- 

travaiation.    Tbe  blood,  fj  removed  through  the  pwrivas- 

cular  lympb  spaces  and  ang  tbe  anterior  Chamber.    If  the 

retinal  vessels  are  sclcrosci  be  slow.     The  result  is  pro- 

longed  action  of  the  decomj,  is  upon  the  ins  and  pectinate 

ligament  and  this  may  excite  intis  or  giaucoma.  When  hemorrhages  are 
small  and  conlined  to  the  nerve  fiber  layer,  they  disappear.  Icavlng  no 
trace.  When  they  are  large  and  deeply  sltuated,  ycllowlsh  or  white  dis- 
colorations  usually  remain.  When  blood  has  penetratcd  into  the  decp 
layers  of  the  retina,  tissue  destruction  Is  exccssive  and  the  blood  clot  is  re- 
placed  by  a  shining,  white  ctcatrix  or  by  a  mass  of  fibrous  tissue.  As  a 
rule,  little  or  no  pigmentation  foHows  retinal  bleeding.  When  present,  i[ 
may  be  either  hematogenous  or  produced  by  massing  and  proliferatlon 
of  the  pigmented  epitbelium.  In  some  cases  pigment  appears  on  the  disc 
after  absorption  of  blood. 

The  functional  disturbancc  produced  by  a  retinal  hemorrhage  depends 
upon  its  Situation.  If  it  occurs  at  the  macula,  useful  vision  may  be  abdished 
(Fig.  72).  If  peripherally  sttuated,  it  may  create  so  little  disturbsnce  as 
to  escape  Observation.  Moderate  bleeding  into  the  nerve  fiber  layer  does 
little  pcrmanwit  injury,  but  In  the  rod  and  cone  layer  it  U  destructive. 
Hemorrhage  into  the  vitreous  produces  cloudy  vision,  the  density  of  which 
depends  upon  the  amount  of  blood  in  front  of  the  retina. 
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Under  any  dromistances,  spontaneous  retinal  hemoriiiage  ts  a  danger 
«gnal  of  die  fint  importance.  Frequently,  the  first  sign  of  serious  disease 
b  a  siiifl^e,  amall  retinal  eztravasation. 

EnoLOGY  OF  Retinal  Hemorrhage  in  General.  The  etiology 
of  qNMitaneous  retinal  bleecüng  indudes  all  ctiseases  or  conditions  which 
grciilj  increase  or  diminish  the  blood  pressure,  retard  or  accderate  the 
dronlatioii,  induce  dianges  in  the  heart  or  blood  vessels  or  modify 
the  oomposition  of  the  blood.  Foremost  are  degenerative  changes  in  the 
blood  ▼ttsds  which  occur  alone  or  as  the  prime  pathological  f  actor  in  other 

AjtTERl06CLER08l8.  According  to  Amman  bleeding  at  the  macula 
is  common  in  senile  arteriosderosis.  Occasionally,  the  ophthalmoscopic 
picture  of  an  angiopathic  retinitis  consisting  of  exudation  and  hemorrhage 
may  devdop  in  uncomplicated  angiosderosis.  Straub  foUowed  for  six 
yeart  the  courses  of  15  cases  of  retinal  hemorrhage  from  arteriosderosis. 
The  Ueeifiiig  exhibited  a  strong  disposition  to  occur  in  the  left  eye. 
^jStrmub  states  that  the  prognosis  for  life  is  not  so  bad  in  the  young  and 
▼ery  öld  as  it  is  in  people  of  middle  life.  For  example,  nine  of  the  cases 
were  between  the  ages  of  45  and  65  years.  Of  these,  six  died  within 
•iz  yeart,  five  of  them  from  apoplexy.  Derby  observed  90  cases  of  retinal 
hemorrhage  in  people  over  40  years  of  age.  Of  these  he  ascertained  the 
demth  of  31»  of  which  25  died  within  two  years;  14  from  apoplexy  and  1 1 
from  heart  disease.  Hemorrhage  from  the  retinal  vessels  is  not  un- 
common  in  degenerated  eyes.  I  have  examined  microscopically  a  number 
of  sudi  bulbs  in  which  excessive  hemorrhage  had  occurred,  either  sponta- 
neously  or  from  dight  injury. 

Retinal  bleeding  usually  depends  upon  degeneration  of  the  blood  ves- 
ids.  The  blood  may  escape  either  by  rhexis  or  diapedesis.  Harms  does 
not  aocept  the  view  that  the  sderosed  parts  of  a  vessel  tend  to  bleed,  al- 
dioagh  he  admits  that  they  easily  nipture  from  sudden  fall  of  intraocular 
pressure,  as  in  opening  the  anterior  Chamber.  A  sderosed  wall  offers 
greater  redstance  to  gradually  developed  pressure  than  a  normal  wall,  and 
diapedesis  occurt  less  readily.  The  unyielding  character  of  sderosed 
vcsich  is  demonstrated  by  the  following  experiments  of  Thoma  on 
cadavers.  In  an  arteriosderotic  body,  four  liters  of  salt  Solution,  injected 
into  the  blood  vessels,  produced  edema  of  the  lower  extremities,  while  in 
non-sderotic  subjects  seventeen  liters  were  injected  before  edema  appeared. 
A  much  longer  time  was  required  to  inject  a  given  amount  of  fluid  into  an 
arteriosderotic  subject  than  into  one  with  normal  vessels. 
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In  leukemia  and  penticioiis  anemia  hemorrhages  into  the  retina  occur 
in  nearly  all  casts.  In  leukemia  frcsh  extravasations  often  contatn  white 
Centers.  Similar  hemorrhages  occur  in  pernicious  anemia  but  it  is  not 
certain  that  the  white  centers  appear  at  the  timc  the  blood  ia  extravasated. 
The  peculiaritiea  of  leukemic  hemorrhages  are  considered  in  connection 
with  the  retinitis  that  occurs  in  that  disease  {Stergm.  39). 

Anemia.  Retinal  hemorrhage  is  a  doubtfui  event  in,  so-called,  simple 
anemia.  Anemias  always  are  secondary,  therefore,  associated  retinal 
hemorrhage  should  be  classed  as  a  symptom  of  the  underlying  disease. 
Pick  found  retinal  hemorrhages  in  30  oer  cent  of  the  itilense  anemlas  pro- 


duced  by  carcinomatosls 
retinal  bteeding  which  occur:. 
exhausting  hemorrhage,  etc. 

ChlorOSIS.  In  chlor 
infrequent.  When  It  does 
disordered  mcnses,  or  chol 
degeneration  of  the  intima 
as  a  rare  event,  belongs  to 
rhage  nor  optic  neuritis  sl 
unttl  all  other  possible  cau: 
nostic  importance  that  in 
occurs  in  rU  casee,  while  in 

Malaria.    Malaria  appears  lu  l 


lition  may  bc  responsible  for 
itinal  parasites,t  tuberculosis, 

!  anemia,  retinal  bleeding  is 
ilications  usualty  coexist,  i.  e., 
nn  frequently  has  found  fatty 
Is  of  chlorotics.  Thrombosis, 
rosis.  Neither  retinal  hemor- 
either  to  anemia  or  chlorosis 
inated.  It  is  a  poInt  of  diag- 
,  hemorrhage  into  the  retina 
I  chlorosis  It  Is  extremcly  rare, 
cquent  cause  of  retinal  bleeding 
in  those  regions  where  the  disease  is  severe  In  type.  The  hemorrhage  may 
be  slightor  so  extensive  as  to  appear  In  the  vitreous.  One  or  both  eyes  may 
be  affected.  It  may  occur  In  the  first  week  during  the  fever  or  in  the  late, 
cachectic  stage,  at  which  time  vascular  disease  may  exist.  In  ten  cascs 
that  died  from  pemlcious  and  comatose  forms  of  malarla,  Guarnleri 
rcgularly  found  stasis,  edema  and  hemorrhage  in  both  braln  and  retina. 
In  the  capiUaries  the  red  blood  corpuscies  contained  plasmodia  and  pig- 
ment  and  the  white  cells  enclosed  pigment. 

Syphilis.  Simple  retinal  hemorrhage  Is  uncommon  in  Syphilis.  When 
present  it  generally  occurs  in  connection  with  papIUitls,  retinitis  or  local 
vascular  disease. 

Stasis.  When  the  retinal  vessels  are  sound  they  withstand  a  high 
degree  of  distenslon  without  loss  of  blood.    This  is  well  iUustrated  in  cases 

"Also  Stephen  Hacfcenzie. 

tAnkirlostonium  riuodenale  (Nieden,  Fiaber  and  others.)  Bothrioccphalous  latus 
(Natanson  ud  otbers). 
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of  ndiial  Cfaaosb  (Stecgm.  58) ,  in  which  bleeding  occan  only  in  late  stages 
aftcr  vaaadar  degeneration  has  ensucd.  Cases  are  rq)orted  of  retinal 
hemorrluige  doe  to  venous  congeation  produced  by  paroxysms  of  whoop- 
iilg  comjk*  and  qiNlepiy.t  In  these  and  similar  cases,  vessel  alterations 
caniioC  be  cauloded  timply  because  they  are  unrecognizable  with  the  oph- 
dülraoaoope.  It  is  doubtful  if  any  degree  of  muscular  exertion  produces 
anCdent  oongestion  to  cause  retinal  hemorrhage.  I  have  microscopically 
cxamined  die  eyes  of  six  healthy  adults  killed  by  the  appiication  of  a  pow- 
erfid  dcctric  cnrrent,  but  in  none  of  them  dtd  I  discover  retinal  bleeding, 
althougli  by  this  method  of  death  all  the  voluntary  musdes  are  thrown 
into  Tiolent  contraction.  A  condition  known  as  Iraumaiic  asphyxta  ensues 
wIkb  die  body,  etpedally  the  thorax,  is  subjected  to  great  external  pressure. 
In  this  condition  bleeding  into  the  retina  and  optic  nerve  may  occur, 
fomedmet  severml  days  after  the  compression. 

Natal  Retinal  Hemorrhage  is  produced  in  a  somewhat  similar 
nuuiner  from  compression  of  the  head  and  thorax  during  birth.  Possibly, 
«ttenqrtB  to  breadw  wUle  the  body  is  yet  in  the  parturient  canal  may  induce 
sufident  turgescence  to  cause  retinal  bleeding.  These  hemorrhages  are 
Said  to  oocur  in  nearly  all  cases  of  protracted  and  complicated  labor  and 
in  feeUe  diildren.  Thus,  Cobum  in  37  stillbom  and  short-lived  infants, 
found  rednal  hemorrhages  in  17.  Natal  hemorrhages  usually  disappear 
kaving  no  trace  of  their  existence  in  the  retina.  Naumhoff  suggests  that, 
occorring  in  the  macula»  they  are  the  usual  cause  of  congenital  amblyopia. 
Ijocal  Staats  from  obstructed  venous  outflow  is  the  principal  cause  of 
hemorrhage  in  choked  disc,  thrombosis  of  the  central  vein  and  compression 
of  the  nerve.  Sudden  local  congestion  may  be  the  determining  cause  of 
Ueeding  from  diseased  retinal  vessels,  as  when  the  aqueous  is  evacuated 
in  Operations  for  glaucoma.  Besides  the  diseases  already  mentioned, 
hemorriiages  in  the  retina  have  been  reported  as  occurring  in  influenza, 
typhna,  typhoid«  plague,  erysipelas,  smallpox,  measles,  scarlet  fever,  gout, 
wcpAc  retinitist  Weil*s  disease,  childbirth,  dimacteric,  intestinal  disorders, 
menstnial  disturbance,  masturbation,  sexual  excesses,  etc.  Retinal  hemor- 
riiage  ia  a  rare  and  inconspicuous  event  in  ocular  disturbances  produced  by 
potsons.  When  bleeding  occurs  it  appears  to  be  assodated  with  retinal 
and  nerve  congestion,  in^cating  that  it  is  due  to  changes  in  the  drculation 
and  walls  of  the  vessels  rather  than  alterations  in  the  composition  of  the 
blood.     Poisoning  by  coal  gas,  snake  venom,  nitrobenzol,  analin,  phos- 

^LaodcslNifs;  Tesllais.  fde  Gouvea. 
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phorous,  sulphuric  acid,  felix  maa  and  alcohol  are  describcd  as  having 
produced  extravasations  of  blood  in  the  ret'ma.  Wagenmann  described 
a  casc  of  extensive  skin  burn  in  which  multiple,  small  retinal  hemorrhages 
appeared  in  both  eycs.  They  were  attributed  to  the  same  blood  changes 
which  after  severe  bums  produce  ulcerations  in  the  beweis. 

There  are  two  forms  of  intraocular  bleeding  which  present  features 
requiring  extended  dcscriptions.  These  are,  preretmal  hemorrhage  and 
intravitrfous  hemorrhage. 

Preretinal  or  SuBHYALOiD  Hemorrhage  appcars  in  the  form  of  a 
large,  thin,  discoid  clot  on  the  surfacc  of  the  retina.  After  a  few  days 
the  blood  corpusdes  separate  and  form  a  lower,  dark-red  part,  divided 
by  a  sharp,  horizontal  line  from  an  i  jer,  pale-red  part  composed  of 
plasma.     The  plasma  is  reso       1  bei  :  corpuscles,  leaving  a  slight 

opacity.     Instead  of  being  •■'  ;d  tr  )od  may  enter  the  vitreous. 

Griffiths  has  seen  the  vitreoi  ith  a  broken-down  blood  clot 

from  yielding  of  the  structui  ubhyalold  hemorrhage.     It  is 

generally  assumed  that  thes  e  situated  between  the  retina 

and  vitreous.    Were  this  tri  :cted  that  the  blood  would  be 

difEusely  distributed  and  gi  ttom  of  the  globe;  whereas, 

the  clots  are  sharply  circum.  reat  uniformity  in  shape  and 

manifest  Httle  tendency  to  lition.     These  characteristics 

render  it  probable  that  th  diately  beneath  the  internal 

limiting  membrane  of  the  retma.  rronaoiy,  the  clouded  appearance  which 
rematns  after  resorption  of  the  plasma  is  an  opacity  in  the  retina.  A  pre- 
retinal hemorrhage  does  not  injure  the  perccptive  tissue  of  the  retina; 
consequently,  after  removal  of  the  blood,  vision  will  be  completely  restorcd. 

Steheogram  33.  Preretinai.  (Subhyaloid)  Hemorrhage. 
Woman  29  years  of  age.  Shc  is  an  ül-nourishcd,  swcat-shop  seamstress. 
About  one  month  ago.  whüe  bending  over  her  werk,  a  cloud  suddenly 
appeared  before  the  left  eye  which  completely  destroyed  central  vision. 
With  the  ophthalmoscope,  an  enormous  extravasation  of  blood  is  seen 
covering  the  entire  macular  region.  It  lies  on  the  surface  of  the  retina  in 
front  of  the  vessels,  is  slightly  elevated  and  its  outline  is  sharply  defined. 
The  lower  portion  of  the  hemorrhage  consists  of  a  dark-red  dot  and  the 
Upper  portion  of  very  light-red  plasma.  The  retinal  vessels  present  no 
positive  evidence  of  arteriosclerosis.  Physical  examination  fails  to  dem- 
onstrate  tuberculosis  or  syphilis. 

At  the  time  this  case  came  under  Observation  tuberculin  was  not  em- 
ployed  for  diagnostic  purposes. 
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[ntr.^vitreous  Hkmoulhaoe.  Blood  in  the  vitreoat  appetn  ofdi- 
thatmoscopically  zs  sWsfimif  nraraUe  floccuU  or  Ul-defined  mmtset;  some- 
times  as  a  large  clot  the  surftce  of  whicfa  may  andtilxte  on  morement  o£ 
the  eye.  These  hemotrliagea  appcar  black  in  color  or  give  a  reddith 
gicam.  When  situated  far  forward  in  the  vitreout  and  the  pufHl  is  widely 
dilated,  the  eßusion  may  be  recognizcd  as  blood  by  oblique  Illumination. 
By  transillumination,  fredi  blood  ia  transparent  but  dotted  blood  castt  a 
shadow.  Sometimes  the  irii  is  colored  Brown  or  green  from  absorption  of 
blood  pigments.  Mondia  utually  elapae  before  retorption  of  a  vitreous 
clot  is  completed.  The  blood  may  color  the  vitreous  and  cause  red 
Vision,  which  later  becomes  yellow  or  green.  Fuchs  has  observed  in  some 
cases  of  traumatic  vitreous  hemorrhage,  some  tttne  after  the  injury,  the 
coloring  matter  of  the  blood  dot  suddenly  dissolve  and  stain  the  ocular 
fluids.  In  such  cases  the  aqueous  is  colored  red  and  the  ins  appeara  as 
_  tbough  Seen  through  mby  g^ass.  When  hemorrtn^  has  been  large  and 
'ibe  ntrcoDS  badly  dismpted,  permanent  opaddes  may  remain  or  mem- 
braoea  of  dcnse  connecdve  tiuue  may  form  which  seriously  impair  vision 
(SteffUL  61  )■ 

In  profuse  retinal  hemorrhage  from  any  cause,  blood  may  enter 
the  ntreoua.  Aude  from  sudi  inddental  cases,  a  spedal  form  occurs 
komm  as  reeurrent  tHtravilreous  hemorrhage  w  joung  people.  Von 
Graefe  fint  separated  this  dass  of  cates  in  whidi  vision  is  periodically 
loit  fnmi  rccarring  hemonhages  into  the  vitreous.  Subsequent  observa- 
lioni  of  tlüi  afiection  have  added  to  our  knowledge  of  its  dinical  features 
but  have  done  little  to  dear  up  its  etiology  and  pathology.  It  occurs  in 
yonng  people,  chiefly  males.  Suddenly,  without  apparent  cause,  vision  of 
the  affccted  eye  is  lost  from  effusion  of  blood  into  the  vitreous.  As  a  rule, 
the  araount  of  blood  cxtravasated  is  suffident  to  obscure  the  eyeground. 
Exceptionally,  blood  appears  in  the  anterior  Chamber.  Resorption  quiddy 
auues,  but  after  a  variable  period  hemorrhage  recun  and  vision  again  is 
lost.  The  attacks  may  be  few  in  number  or  repeated  until  eyesight  is 
destroyed.  As  in  other  forms  of  intraocular  hemorrhage,  iritis  or  glau- 
ooma  may  result.  Many  cases  give  a  history  of  recurring  epistaxis  which 
ceaaea  after  the  advent  of  intravitreous  bleeding.  The  hcmorrhages  usually 
appear  first  between  the  fifteenth  and  twenty-fifth  years,  vcry  rarely 
after  the  fortieth  year.  One  or  both  eyes  may  be  affected.  When  uni- 
lateral, a  marked  predilection  is  shown  for  the  left  slde.  Both  eyes 
may  be  affected  simultaneously  or  at  different  times.    The  mere  presence 
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of  blood  In  the  vitreous  docs  not  increase  intraocular  tension,*  and  m 
8ome  cases  tension  is  diminished.t  The  interval  betwecn  hemorrhagea 
varies  from  a  few  weeks  to  months.  In  rare  cases,  which  may  belong  to  a 
different  class,  years  eiapse  between  attacks.];  Considering  that  the  vit- 
reous contains  no  blood  vessels,  resorption  in  this  form  of  bleeding  is 
rapid,  two  to  four  months  bcing  the  usual  period.  A  remarkable  case  is  re- 
ported  by  Jacquesu  in  which  the  hemorrhage  was  rcmovcd  in  thrce  days. 
In  this  case  it  is  probable  that  the  blood  came  from  the  citiary  body  and 
lay  between  the  lens  and  vitreous.  Exceptionally,  resorption  is  delayed 
for  a  year  or  longer.§  The  predominance  of  male  over  female  cases 
is  shown  by  Wilbrand  and  ; 
affection  of  which  15  wer* 
is  possible  that  the  perio 
minish  the  tcndency  to  Intrai 
The  source  of  the  he 
is  not  the  same  in  all  cast 
the  choroid  has  led  many  a 
for  the  bleeding.lf  In  the 
made  iti  cases  of  recurrem 
been  reported.**  A  comb, 
sumed  by  Leber  to  be  resp 
the  important  Statement  t. 
Symptom  of  tuberculosis  of  tnc  chü 
the  bleeding  was  due  to  a  small  tubercuiai 
anterior  limit  of  the  ophthalmoscopic  field 
exhibited  by  cases  of  this  aßection  indicates 


ected  73  typical  cases  of  this 
males.jl  Among  fcmaics  it 
from  menstruation  may  di- 
[e. 

atter  of  doubt.  Probably  it 
lal  association  of  changes  in 
this  membrane  as  responsible 
xaminations  which  havc  been 
eding,  vascular  changes  have 
he  choroid  and  retina  is  as. 
tiemorrhages.  Michel  makes 
:morrhage  often  is  the  first 
I  have  Seen  one  case  in  which 
;sron,  situated  at  the  extreme 
The  uniformity  of  Symptoms 
common  cause,  regardless 
of  the  source  of  bleeding.  Axenfeld  and  Stock  affirm  that  hemorrhage 
due  to  tuberculosis  of  the  vessel  walls  may  occur  without  evident  lesion 
of  the  iris  or  choroid.  If  this  is  true,  it  explains  how  blood  may 
come  from  the  ciliary  body,  choroid  or  retina  without  giving 
visible  evidence  of  its  origin.  The  characteristic,  sudden,  abimdant  hemor- 
rhage that  occurs,  suggests  rupture  of  a  Single,  large  vessel,  differing 
from  the  slow  bleeding  of  hemorrhagic  reflnitis,  in  which  a  lake  of  blood 
may  cover  the  fundus  without  escaping  Into  the  vitreous  (Stergm.  46). 

'Zietninski.  five  case<<  in  whicli  tension  was  unafFectcd. 

tNieden,  tension  diiniaished. 

iBeninfc,  interval  II  years.     Kipp,  interval  0  ytu». 

SMarnreK,  la  months 

IIBening;,  BIT  cases;    females  74;    malcs  143. 

f  Nie  den.  Fehr.  Knapp. 

""SeheSfel,  four  cases.     Fehr.  three  cases. 
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From  the  evidence  at  band,  it  would  appear  that  recurrent  intravitreous 
hemorrhagc  is  due  to  some  process,  probably  tubercular,  which  erodes  a 
large  vcssel  in  the  ciliary  body,  retina  or  choroid. 

Other  diseases  which  have  occurred  in  connection  with  intravitreous 
hemorrhage  and,  presumably  were  causative,  are  hereditary  and  acquired 
Syphilis,  gout,  menstrual  diseases,  anemia,  exhaustion,  malaria,  endogenous 
infection,  constipation,  hypertrophy  of  the  heart,  hemophllia,  purpura 
and  scurvy.  When  the  tendency  to  hemorrhage  already  exists,  its  im- 
mediatc  cause  may  be  congestion  due  to  stooping,  sneezing,  etc. 

The  prognosis  of  intravitreous  bleeding  appears  to  be  more  f avorable 
in  the  young  than  in  those  of  advanced  years.  If  iritis  develops  it 
may  subside  with  disappearance  of  the  blood,  but  it  is  a  serious  compil- 
cation  and,  if  in  addition  eye  tension  is  increased,  the  eye  will  probably 
be  destroyed  by  glaucoma. 
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Chapter  vi. 
ANGIOPATHIC  RETINITIS. 

Simple  sclerosis  of  the  retinal  vessels  is  never  a  local  disease,  and  the 
slightest  Pathologie  change  in  the  vessel  walls  is  positive  evidence  that 
wide-spread  vascular  disease  is  imminent  or  already  established. 

Ophthalmoscopic  evidence  of  angiosclerosis  varies  from  mere  tor- 
tuosity  of  vessels  to  destruction  of  the  retina  by  hemorrhage,  exudation 
or  degeneration.  The  intimate  relation  between  degeneration  of  the 
blood  vessels  and  chronic  inflammation  of  the  inner  layers  of  the  retina 
has  led  to  the  belief  that  symptomatic  retinitis,  as  it  occurs  in  difierent 
diseases,  is  only  an  expression  of  disturbed  circulation.'*'  The  familiär 
ophthalmoscopic  picture  of  "  Bright*s "  disease,  formerly  supposed  to 
characterize  that  afiection,  has  been  known  to  occur  without  albuminuria 
as  the  result  of  infection  in  scarlatina,  measles,  erysipelas,  malaria,  anchy- 
lostoma  and  Syphilis.  Typical  examples  have  been  reported  also  in  diabetes, 
scurvy,  pernicious  anemia,  carcinomatosis,  brain  tumor,  in  poisoning  by 
lead  and  felix  mas;  and  in  the  absence  of  known  toxins  or  infection,  in 
uncomplicated  arteriosderosis.  Wilbrand  and  Saenger,  and  Parsons  have 
each  reported  cases  exhibiting  a  **  macular  star  *'  for  which  no  cause  could 
be  found.  While  the  fundus  changes  in  any  case  of  symptomatic  retinitis 
may  strongly  suggest  the  nature  of  the  general  disease,  they  cannot  be 
considered  as  strictly  diagnostic.  Therefore,  it  is  inaccurate  to  describe 
special  forms  of  retinitis  as  characteristic  of  a  particular  disease.  To 
meet  a  difSculty  in  terminology,  Wilbrand  and  Saenger  designate  all 
inflammations  of  the  inner  retinal  layers  "  angtopathic  retinitis  "  and  qualify 
this  term  by  the  name  of  the  associated  disease,  as  **  albuminuric  angio- 
pathic  retinitis,"  "  diabetic  angiopathic  retinitis,"  etc.  This  nomen- 
clature  may  be  not  whoUy  free  from  criticism,  but  it  possesses  the  great 
advantage  of  convenience.  Although  the  appearance  of  an  angiopathic 
retinitis  is  not  always  diagnostic,  it  usually  suggests  the  nature  of  the 


♦A  thcory  has  been  advanced  that  both  vascular  and  tissue  desreneration  arc 
caused  by  the  local  action  of  some  toxin.  In  the  retina,  tissue  degeneration  appears 
to  be  secondary  to  mechanical  closure  of  vessels. 
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general  disease.  Therefore,  from  a  dinical  Standpoint  it  is  desirable  to 
sq>aratc  and  describe  angiopathic  retinitis  as  it  usually  appears  when 
associated  with  certain  diseases. 

Angiopathic  Albuminuric  Retinitis.  A  distinction  is  drawn  bc- 
tween  the  acute  and  chronic  forms  of  retinitis  occurring  in  albuminuria. 
The  acute  type  occurs  in  acute  diffuse  nephritis,  in  which  a  stage  of  retinal 
hyperemia  and  exudation  often  is  foUowed  by  recovery.  In  the  chronic 
type  the  stage  of  hyperemia  almost  invariably  passes  into  that  of  de- 
generation.  These  two  forms  are  known  also  as  the  exudative  and  the 
degenerative. 

In  the  great  majority  of  cases  angiopathic  retinitis  occurs  in  con- 
nection  with  chronic  nephritis.  The  ophthalmoscopic  picture  may  present 
any  pathologic  condition  of  the  retina  resulting  from  vascular  degeneration. 
Clinically,  however,  the  term  "  albuminuric  retinitis  "  has  been  applied  to 
a  group  of  Symptoms  consisting  of  venous  distension,  mild  neuritis,  retinal 
opacity,  exudation,  hemorrhage,  retinal  degeneration  and  atrophy.  Any 
or  all  of  these  changes  may  exist  in  a  given  case.  The  features  presented 
by  the  average  case  of  angiopathic  retinitis  are  best  described  by  dividing 
the  disease  into  the  foUowing  four  stages:  (1)  Precursory  or  Prealbu- 
minuric;  (2)  Hyperemic  or  Congestive ;  (3)  Degenerative;  (4)  Atrophie. 

Stereogram  34.  Precursory  Stage  of  Angiopathic  Retinitis. 
Left  fundus  oculi  of  a  laborer  53  years  of  age.  Addicted  to  the 
immoderate  use  of  alcohol  and  tobacco.  Blood  pressure  190  mm.  Hg. 
The  urlne  contains  neither  albumin  nor  casts,  but  the  percentage  of  urea 
is  low.  Has  persistent,  dull  headache.  The  fundus  conditions  are  similar 
in  each  eye.  The  optic  disc  has  a  bridc-red  color.  The  retinal  arteries 
pursue  a  straight  course.  Their  axial  light  streak  is  very  bright  and  well 
defined,  producing  the  effect  known  as  "  silver  wire  arteries."  The  walls 
of  the  arteries  are  not  visible,  but  that  they  are  sclerosed  is  demonstrated 
by  the  manner  in  which  they  indent  underlying  veins.  The  larger  veins 
are  widened  and  tortuous  and  their  light  streaks  are  pronounced.  The 
small  vessels  around  the  disc  and  the  small  veins  throughout  the  fundus  are 
unduly  distinct  and  their  terminals  twisted. 

The  class  of  fundus  cases  here  defined  as  precursory,  or  prealbu- 
minuric  retinitis  are  only  examples  of  retinal  arteriosclerosis  which  have 
just  entered  the  stage  of  arterlal  rigidity  and  venous  dilation.  The  systemic 
angiosderosis  which  invariably  attends  these  retinal  changes  usually  re- 
sults  in  chronic  nephritis.  In  a  certain  number  of  cases,  however,  vas- 
cular degeneration  and  its  sequelae  are  farthest  advanced  in  the  brain, 
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heut  or  other  argans,  tnd  tbe  focus  of  disease  is  sJtuated  elsewhere  than 
in  the  kidncys.  Ot  all  pha&es  presented  by  angiopathic  retlnitis,  this 
i&  the  moat  in^witant  to  recognize.  The  spectacular  fundus  pictures 
of  the  Uter  Stades  of  this  disease  indicate  that  irreparable  destniction  has 
already  ocoirred  and  a  fatal  termination  is  impending;  whereas,  if  the 
slight  but  aipiificant  altcrations  of  the  precursory  stage  are  discovered, 
the  progrwa  of  disease  may  bc  arrested  or,  at  least,  dclaycd.  The  im- 
port«nt  r«tin«l  v.iscutar  changes  of  the  precursory  stage  frequently  cscapc 
obtcrv^tkm.  T>icy  are  not  prominent  and  must  be  diligently  sought  with 
the  ophthalraosciij'f  through  a  wIde  pupil, 
The  eHect  ot  heightci 
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eyes  are  attacked  at  different  times  and  in  varying  degree.  Moreover, 
the  manifestations  of  the  vascular  disease  may  differ  widely  in  each  eye. 
Thus,  in  case  of  stereogram  43  typical  angiopathic  retinitis  existed  in  the 
right  eye  and  closure  of  the  central  artery  in  the  left.  All  the  external 
ocular  manifestations  of  arteriosclerosis  may  appear  in  albuminuria, 
especially  ecchymoses  and  fugitive  edema  of  the  eyelids.  Wharton 
Jones  and  Schöbl  have  seen  hemorrhage  into  Tenon's  capsule.  Post- 
hemorrhagic  glaucoma  may  develop,  but  spontaneous  glaucoma  is  unusual, 
notwithstanding  the  fact  that,  in  chronic  albuminuria,  degeneration  of  the 
blood  vessels  is  extreme.  No  connection  has  been  traced  between  albumin- 
uria and  development  of  cataract.  Detachment  of  the  retina  is  common 
in  the  late  stages  of  chronic  nephritis,  especially  if  there  is  anasarca.  In 
chronic  nephritis  the  vessels  of  the  choroid  undergo  degenerations  anal- 
ogous  to  those  occurring  in  the  retina,  but  the  disastrous  results  of  retinal 
arteriosclerosis  usually  are  averted  in  the  choroid  by  the  free  anastomoses 
existing  between  its  vessels.  It  is  said,  however,  that  Chorioretinitis  of 
angiopathic  origin  can  develop.  The  presence  of  this  complicatlon  would 
be  recognized  by  pigment  heaped  around  white  plaques  of  degeneration  and 
by  disturbance  of  the  retinal  epithelium  and  pigment  wandering.* 

The  degree  of  functional  eye  disturbance  experienced  in  the  retinitis 
of  albuminuria  depends  upon  the  nature  and  location  of  the  lesion  rather 
than  upon  the  severity  of  the  retinal  inflammation  or  gravity  of  the  general 
disease.  Probably,  visual  acuity  always  is  blunted  even  though  it  may 
not  be  indicated  by  the  ordinary  card  tests.  At  iirst,  there  is  complaint  of 
a  slight  fog  before  the  eyes,  an  effect  which  is  produced  by  the  presence  of 
retinal  opacity  before  the  percipient  layers  of  the  retina.  Lesions  situatcd 
in  the  macula  or  detachment  of  the  retina  produce  great  impairment  of 
Vision.  Hemorrhages  affect  sight  according  to  their  Situation  and  extent. 
Total  loss  of  vision  seldom,  if  ever,  is  due  to  uncomplicated  retinitis  or 
subsequent  atrophy.  Sudden  blindness  in  both  eyes  means  uremic  amau- 
rosis.  Occurring  in  one  eye  it  may  indicate  either  retinal  detachment  or 
closure  of  the  central  artery.  The  visual  fields  usually  correspond  to  the 
destruction  wrought  in  the  retina,  differing  in  this  respect  from  diabctes  in 
which  amblyopias  with  scotomata  occasionally  occur.  Concentric  limitatlon 
of  the  iields,  described  by  Schlesinger,  and  paracentral  ring  scotoma  by 
Leber,  have  not  been  accepted  as  belonging  to  the  history  of  the  disease. 
Color  scotomata  have  been  described  by  Simon  and  others  as  characteristic 


♦The  condition  is  so  rare  that  complications  probably  exist. 
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of  albuminuria,  a  conclusion  which  has  not  been  confirmcd.  These  scoto- 
mata  present  wlde  variations  and  probably  depend  upon  macular  changes. 
Cerebral  hemorrhage  is  not  uncommon  in  albuminuria,  and  heniianopsla  or 
other  central  disturbance  of  vision  may  ensue.  Ophthalmoscopically  visible 
changes  exist  long  beforc  vision  is  affected  or  albumin  appears  in  thc 
urine.  hence  rctinitis  sufficient  to  attract  ihe  attention  of  the  patlent  is 
indicative  of  advanced  degeneration  of  the  kidneys.  It  is  only  in  the 
early  perlod  that  Information  acquired  through  use  of  the  ophthalmoscope 
may  he  the  means  of  preserving  lifc.  In  many  cases  of  contracted  kidney 
albumin  is  not  demonstrable  in  the  urine,  a  fact  whlch  explains  many 
instances  of  rctinitis  reported  as  occurring  in  healthy  subjects. 

HiSTORY  AND  CouRSE.     It  is  difficult  to  estimate  thc  frcqucncy  of 
retinitis  in  chronic  nephritis.     From  a  c<        tion  of  935  cases  of  the  acute 
and  chronic  types,  Parsons  found  the  a> 
per  Cent.      This   percentagc   repf^ 


je  ratio  of  retinitis  to  be  22.4 
stiy  cases  of  well  developcd 
imber  in  whlch  minor  vascutar 
ital  cases  in  young  adults,  of 


;ars  to  be  about  twice  as  fre- 

rsons  found  in   180  reported 

nales. 

all  periods  of  life;  the  usual 
llie  youngest  case  reported  is  by  C,  S. 
Another,  aged  9  years  Is  reported  by 


retinitis,  but  faüs  to  include  a 
changes  existed.     Nettleshi 
which  33  had  retinitis. 

As  regards  sex,  neph 
quent  among  men  as  amo 
cases,  68  per  cent  males  an 

Retinitis  in  Bright's  di 
age  is  betwecn  30  and  60  years. 
Bull,  in  a  chitd  5  years  of  age. 
de  Schweinitz. 

Retinitis  may  occur  with  any  form  of  nephritis,  but  is  most  frcquent 
in  contracted  kidney.  It  is  uncommon  wIth*  the  large  white  kidney  and 
more  rare  in  the  acute  nephritis  of  pregnancy  and  scarlatina, 

The  course  of  the  disease  Is  eminently  chronic.  Degeneration  of 
the  retina  and  dctcrioration  of  vision  keep  pace  with  the  advancing  ne- 
phritis, Arrest  or  subsidence  of  the  process  In  chronic  cases  must  be  ex- 
tremely  rare,  although  instantes  have  been  reported  by  Admuck,  StefEan  and 
others.  Temporary  Improvement  in  vision  may  be  due  to  local  causes, 
but  eure  cannot  be  expected  while  the  nephritis  continues.  Uremlc  attacks 
may  be  attended  by  temporary  or  permanent  amaurosis. 

The  prognosis  as  to  life  is  extremely  unfavorable  in  fully  developcd 
cases  of  albuminuric  retinitis.  In  nearly  all  cases  death  ensues  within  a 
few  months  or  years.  In  103  cases,  C.  S.  Bull  found  that  87  per  cent  died 
within  two  years.     Prognosis  is  no  better  among  the  young  than  the  old. 


Fi«.     77 — Retinal 
afler  removal  of  Superfii 
hv  Leucocytes. 


Fi«.  78 — Deep  Heimirrhai 
ilaced  hy  Plaque  of  Ckalrifial 
,vilh   FiKmenled    BoriliT-, 
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Nettleship  coUected  80  cases  of  chronic  nephrltis  in  subjects  under  21  years 
of  age.  Of  these,  60  came  to  necropsy.  The  influence  of  habit  and  environ- 
ment  upon  the  course  of  the  disease  is  forcibly  illustrated  by  the  work  of 
Possauer,  whose  material  was  coUected  from  67,000  cases  of  all  kinds. 
In  cases  of  albuminuric  retinitis  among  the  poor  who  visited  the  clinics, 
all  males  died  within  two  years,  a  mortality  of  100  per  cent.  Among 
women  of  the  same  class  only  68  per  cent  died.  Among  private  patients 
of  means,  the  death  rate  was  59  per  cent  for  males  and  53  per  cent  for 
females.  Among  the  poor  the  longest  duration  of  life  after  discovery  of 
retinitis  was  6  years,  and  among  private  patients  11  years.  These 
statistics  illustrate  the  value  of  good  hygienic  conditions  in  the  treatment 
of  nephritis. 

Pathology.  The  pathologic  anatomy  of  angiopathic  retinitis  in- 
dudes  all  morbid  changes  that  result  from  vascular  disease.  Inasmuch  as 
the  retinal  blood  vessels  are  a  terminal  system  and  the  only  lymphatics  are 
those  which  accompany  the  vessels,  any  obstruction  to  circulation  is  f ollowed 
by  disturbance  of  nutrition,  the  visible  manifestations  of  which  are  edema 
and  hemorrhage.  Edema  appears  first  in  the  nerve  fiber  and  inner  re- 
ticular  layers,  but  the  entire  retina  soon  is  infiltrated  with  abundant  fluid 
(Fig.  74),  poor  in  albumin  and  readily  absorbed.  The  nerve  fiber  layers 
are  separated  by  the  transudate,  the  inner  layers  being  lifted  up  at  the 
cxpense  of  the  vitreous  space.  Cystold  Spaces  may  form  in  the  inter- 
nudear  layer  (Fig.  75).  Edematous  infiltration  is  especially  marked 
around  the  macula  (Fig.  76).  If  edema  is  long  continued  the  nerve  fibers 
swell  and  lose  their  outline.  Transient  stasis  may  not  injure  the  ganglion  cells 
but  these  delicate  structures  are  the  least  resistant  of  the  retinal  elements 
and  quickly  succumb  in  areas  insufEciently  supplied  with  blood.  Usually, 
the  hemorrhages  are  superficial,  the  blood  lying  between  the  axons  of  the 
nerve  fiber  layer,  where  they  present  the  ophthalmoscopic  picture  character- 
istic  of  striate  or  "  flame-shaped  "  hemorrhages.  Blood  extravasated  into 
the  retina  seldom  clots.  Striate  hemorrhages  are  slowly  removed  by  leuco- 
cjrtes,  leaving  the  retina  slightly  discolored  (Fig.  77).  Deep  hemorrhages 
often  destroy  the  entire  thickness  of  the  retina  which  then  is  replaced  by 
a  plaque  of  cicatricial  tissue  with  pigmented  borders  (Fig.  78).  After 
resorption  of  the  blood  from  the  retina  the  hemoglobin  may  remain  and 
form  pigmented  deposits,  but  the  pigment  around  the  scars  of  deep  retinal 
hemorrhages  is  deposited  by  the  retinal  epithelium.  In  albuminuric  and 
some  other  forms  of  chronic  retinitis,  peculiar  cell-like  bodies,  of  inconstant 
sizc,  are  found  in  the  ganglion  cell  and  nerve  fiber  layers.    They  are  gran- 
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lixr  er  hofBOgeneous  in  sfucturc  and  contaln  refrictile,  nudear-like  Spots 
(F%.  79),  the  origin  and  nature  of  which  are  unknown.  They  have  bcen 
rMsiomtf  regarded  as  varicosc  nerve  (ibers,  degenerated  ganglion  or  ncu- 
roglia  ccDs  and  as  Clusters  of  degenerated  leucocytes.  The  latter  view  is 
at  present  popidar.  The  signs  of  activc  inflammation  are  whoUy  lacking 
in  xlbominunc  rctinitis.  and  thc  white  exudates  so  conspicuous  in  the  oph- 
dulmoMopic  picture  are  mostly  the  producta  of  degeneration.  They  arc 
prindpally  hyaloid  in  charactcr  but  fat  also  is  present  and,  later,  Cho- 
lesterin. Calcareous  deposits  arc  rare.  The  "  star-shape,"  which  exudates 
at  the  macula  often  assume,  corresponds  to  the  radial  arrangement  of 
Henle's  übers  in  this  regton.  The  iA><.iilar  changes  are  those  of  arterio- 
sderosis  already  descrlbcd.    In  the  at  c  stage  (Stergm.37)  the  normal 
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Acute  Albiminuri  odative  Retinitis).    This  form 

of  rctinitis  occurs  in  the  regnancy,  scariatlna  and  othcr 

exanthemata,  and  frorn  c.  >ecially  lead.     It  is  best  known 

in  conncction  with  prcgnancy  »nu  oniy  m     lis  rclation  will  it  bc  discussed. 

The  ophtha Imoscopic  picture  of  aaitc  albuminuric  rctinitis  is  the  same 
as  that  presented  by  thc  chronic  form  of  rctinitis  during  the  exudativc 
stage,  but  minus  the  artcriosdcpotic  changes  (Stergm.  35).  Thc  special 
inflammatory  charactcr  of  the  acute  form  upon  which  some  authors  insist, 
is  not  demonstrablc  wlth  cither  thc  ophthalmoscope  or  microscope.  De- 
tachment  of  the  rctina  is  said  to  be  reiativcly  morc  frequent  than  in  the 
chronic  type.  Occasionally,  the  acute  form  is  followcd  by  a  rapidly  pro- 
gressive, chronic  rctinitis.  In  such  cascs  chronic  nephritis  may  havc  pre- 
ceded  pregnancy.  Thc  ctlnlcal  diffcrcnccs  bctween  chronic  and  acute  rcti- 
nitis consist  in  ctiology.  dcvclopment  and  coursc  rathcr  than  in  ophthalmo- 
scopic  findings.  The  artcriosclcroric  changes  of  chronic  rctinitis  are  not 
found  in  the  acute  disease,  but  its  angiopathic  charactcr  is  suggcstcd  by 
bleeding  and,  in  one  case,  by  closure  of  the  central  artcry  (Groenouw).- 
TTie  fundus  changes  are  not  ncccssarily  pronoimced.  In  none  of  Nettle- 
ship's  cases  was  the  rctinitis  severe. 

Silex  estimates  that  one  case  of  albuminuric  retimtts  occurs  in  every 
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3,000  pregnancies.  In  tnie  cases,  i.  e.,  those  in  which  chronic  nephritis  does 
not  antedate  pregnancy,  preliminary  vascular  disease  appears  to  be  lacking. 
When  retinitis  occurs  it  usually  does  so  in  the  second  half  of  pregnancy, 
although  it  may  appear  at  any  time.  The  view  that  most  cases  of  retinitis 
Qccur  in  the  first  pregnancy  is  shown  to  be  erroneous  by  Nettleship  who 
found  but  four  primipara  among  nineteen  cases.  A  woman  in  her  first 
pregnancy  may  suffer  from  nephritis  and  retinitis,  and  escape  both  in  sub- 
sequent  pregnancies. 

Prognosis  as  to  life  is  good,  but  in  most  cases  vision  is  permanently 
impaired.  Silex  found  but  three  out  of  thirty-five  cases  that  regained 
normal  sight.  Howe  states  that,  when  retinitis  develops  in  the  seventh 
month  and  abortion  is  not  induced,  permanent  blindness  may  be  expectcd. 
Occurring  in  the  eighth  month  less  than  one-half  recover.  If  it  does  not 
appear  until  within  the  two  last  weeks  of  pregnancy,  recovery  is  assured. 
Abortion  may  arrest  the  disease  but  does  not  always  insure  recovery,  and 
progressive  failure  of  vision  may  continue  after  delivery.  Traces  of  the 
disease  usually  remain  in  the  form  either  of  white  spots  in  the  retina, 
blanching  of  the  nerve  or  pigmentation  around  the  macula. 

Why  retinitis  occurs  in  acute  nephritis  has  not  been  explained.  The 
Statement  that  it  is  due  to  a  '*  uremic  State  '*  of  the  blood  is  not  lacking  in 
vagueness.  More  likely,  both  acute  nephritis  and  retinitis  have  a  common 
origin.  Acute  diffuse  nephritis  is  attributed  to  the  presence  of  toxic  sub- 
stances  in  the  blood  which,  in  the  process  of  elimination,  are  brought  into 
intimate  contact  with  the  vascular  and  excretory  cells  of  the  kidneys,  and 
thereby  injure  or  destroy  these  structures.  In  a  similar  manner,  the  samc 
poisons  drculating  through  the  retina  may  induce  the  endovascular  and 
parenchymatous  changes  of  acute  retinitis.  The  destructive  effect  of  cir- 
culating  poisons  that  act  upon  the  vessels  of  the  kidneys  and  retina  need 
not  be  ascribed  to  "  selective  action,"  but  to  the  anatomic  fact  that  both 
structures  are  supplied  by  a  terminal  System  of  vessels  and  the  evils  of 
obstructed  drculation  cannot  be  averted  by  coUaterals.  Nephritis  and  reti- 
nitis may  be  caused  by  either  endogenous  or  exogenous  toxins. 

Uremic  amaurosis  usually  occurs  in  the  course  of  acute  nephritis, 
seldom  with  chronic  nephritis.  As  a  rule,  the  fundus  is  normal  or  nearly 
so.  Sometimes,  however,  uremic  amaurosis  develops  in  connection  with 
retinitis,  and  then  it  is  of  vital  importance  to  recognize  the  cause  of  blind- 
ness. A  typical  case  of  uremic  amaurosis  commences  with  rapid  loss  of 
vision  which  in  from  8  to  24  hours  eventuates  in  blindness,  even  light  per- 
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ception,  as  a  nile.  being  abolished.  This  State  continues  for  from  10  to 
18  houn,  when  improvcment  ensues  and  after  about  48  hours  vislon  is 
restorcd.  In  most  cascs  during  the  blind  period  the  pupüs  respond  to 
ügfat.  Dunng  the  attack  the  urine  is  dimlnished  in  amount,  and  if  albumin- 
uria  was  present  it  may  disappear.  When  amaurosis  dcvclops  in  prcgnancy 
it  frequently  is  accompanied  by  eclampsia.  In  scarlatina  it  occurs  during 
desquamatton.  Uremic  amaurosis  appears  to  be  more  infrequent  than 
albuminuric  retinitis.  Litzman,  in  13  cascs  of  uremic  eclampsia  of  prcg- 
nancy, found  amaurosis  in  three.  The  unconscious  conditio»  of  the  patient 
with  eclampsia  oftcn  hides  an  existing  amaurosis.  The  prognosis  as  to 
Vision  13  good  in  those  who  survive  the  n  itis.  Recurring  attacks,  how- 
ever,  may  result  in  permanent  aml  Two  principal  theories  exist 

as  to  the  origin  of  the  blindncss:    \.  blood  pressure,  which  causes 

edema  of  the  brain;  (2)  the  in      t  i  of  an  unknown  toxin.    The 

fwrsistence  of  pupillary  light  rc:  es  a  cerebral  Icsion  above  the 

primary  optic  Centers,  pres' 

ExuDATiVE  (Hyperen  Hlemorrhagic)  Stage.     With 

the  devclopment  of  chronic  tis  is  no  longer  "  precursory." 

The  exudative  stage  of  chn  h  then  cnsucs  includes  a  wide 

ränge  of  morbid  conditJons  ia  of  nerve  and  retina,  to  a 

State  of  Intense  congestion  and  hemorrhage.     With  the 

establishment  of  distinct,  all  s,  the  disc  becomes  markedly 

congested  and  its  outünes  arc  blurred.  Usually,  it  is  moderatcly  swollen. 
The  retina  becomes  edematous  and  opaque,  especially  around  the  disc. 
where  thickest.  Exudates  appear  first  as  minute,  white,  fluffy  dots  In  and 
around  the  macula.  Later,  yellowish  spots  develop  in  the  swollen  retina 
about  the  nerve,  Small,  strlate  hemorrhages  may  occur  among  the  exu- 
dates and  even  on  the  disc.  Visible  vascular  changcs,  if  present,  may  be 
obscured  by  the  existing  inflammation.  In  other  cascs  the  vcssels  may 
exhibit  advanced  degencraton  from  the  first  for,  although  the  retinitis  is 
young,  the  arteriosclerosis  is  old.  In  the  early  stage  of  retinitis  it  is  not 
uncommon  to  find  "  silver  wirc  arteries,"  white  bordered  vessels  or  othcr 
angioscierotic  changes.  In  any  cvent,  the  vcins  are  abnormally  broad  and 
tprtuous  and  the  arteries  of  normal  width  or  narrowed.  As  the  diseasc 
progresses  the  congestive  and  exudative  processes  increase  in  severity. 
The  engorged  and  tortuous  vcins  burrow  in  the  swollen  retina.  Deep 
hemorrhages  occur  and  in  some  cascs  blood  is  extravasated  into  the  vit- 
reous.     Profuse  bleeding  ts  regarded  as  a  grave  prognostic  sign.     The 
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severe  Symptoms  of  this  stage  may  develop  with  such  rapidity  that  the 
indpient  processes  escape  Observation.  Sometimes  the  course  of  the  dis- 
etse  is  marked  by  acute  exacerbations. 

Stereogram  35.  Exudative  Stage  of  Angiopathic  Albumin- 
URIC  Retinitis.  Right  eyeground  of  a  man  37  years  of  age.  Has  ad- 
vanced  chronic  interstitial  nephritis.  One  month  ago  he  first  noticed 
obscuration  of  vision  in  both  eyes.  The  fundus  of  the  right  eye  presents 
an  unusually  characteristic  picture  of  angiopathic  retinitis  in  the  exu- 
dative stage.  The  nerve  is  intensely  red,  its  outline  is  obscured  but  swell- 
ing  is  not  demonstrable  with  the  ophthalmoscope.  The  arteries  possess  a 
very  bright  central  light  streak  and  their  walls  hide  underlying  veins. 
The  veins  are  somewhat  dilated  and  tortuous  the  tortuosity  being  par- 
ticularly  marked  in  the  venous  terminals.  The  disc  is  surrounded  by  a 
number  of  small  striate  hemorrhages.  On  the  temporal  side  of  the  nerve, 
the  retina  contains  numerous  small,  superficially  situated,  fluffy  exudates, 
some  of  which  cover  the  retinal  vessels.  The  supratemporal  vein  is  sur- 
rounded by  a  large  exudation  in  the  center  of  which  is  a  small  extrava- 
sation  of  blood. 

DiAGNOSis.  That  the  pathologic  process  in  this  fundus  is  an  angio- 
pathic retinitis  is  indicated  by  the  red  nerve,  congested  blood  vessels,  hemor- 
rhages and  superficial  exudates  which  overlie  the  vessels.  The  absence  of 
flaty  sharply  outlined  plaques  of  degeneration  (macular  star,  etc.),  prove 
that  the  retinitis  has  not  as  yet  entered  the  stage  of  degeneration. 

Degenerative  Stage.  This  stage  is  characterized  by  gradual  sub- 
sidence  of  retinal  hyperemia  and  edema.  In  course  of  time,  the  thickened 
peripapillary  area  loses  its  reddish-yellow  opacity  and  the  retina  appears 
thin  and,  sometimes,  striped  (wrinkled).  White  spots  of  degeneration 
form  mostly  about  the  nerve,  rarely  as  far  forward  as  the  equator.  These 
spots  are  irregulär  in  outline,  free  from  pigment  and  situated  on  the  sur- 
face  of  the  retina  where  they  may  cover  the  vessels.  In  the  exudative 
stage  they  present  a  wooUy,  soft-edged  appearance.  The  degenerative 
plaques  appear  flat,  hard  and  sharply  outlined.  Magnus  states  that  large 
plaques  may  be  preceded  by  diffuse  opacity  of  the  retina  which  subsequently 
becomes  white.  Additional  minute  glistening  specks  may  be  scattered  about 
the  posterior  pole.  Frequently,  a  broad  white  zone  forms  around  the 
nerve,  producing  an  appearance  which  has  been  compared  to  a  **  snow- 
bank."  Around  the  macula  there  is  an  increase  in  the  number  of  white 
dots  which  sometimes  fuse  and  form  an  encircling  ring,  or  they  may  be 
arranged  in  white  rows  or  lines,   radiating  from  the  fovea  like   rays 


90 


THE   FUNDUS   OCULI. 


conttituttng  the  "  macular  star,"  at  onc  time  supposed  to  be  pathogno- 
monic  of  albumtnuric  retinitia.  The  star  rays  are  unequal  in  length  and 
seldom  form  a  complete  circle. 

In  a  certain  proportion  of  cases,  optic  neuritis  is  developed  sufficicntly 
to  justify  the  use  of  the  ferm  neurorelhiitis.  This  combination  may  appear 
at  any  time  previous  to  the  stage  of  atrophy,  after  whlch  the  nerve  and 
retinal  ti»suei  become  too  sclerotic  to  manifest  marked  Symptoms  of  inflam- 
matory  reaction.  In  albuminuric  cases  of  retinal  venous  thrombosis,  neuritis 
is  gcnerally  pronounced  (Stergm.  47).  As  a  rare  event  in  albuminuria, 
optic  neuritis  develops  without  retinitis.     In  such  cases,  after  subsidence 
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senile  arteriosclerosis  associated  with  albuminuria.  It  ts  characterized  by 
recurrent  disseminated  hemorrhages  In  the  retina,  and  the  absence  of 
neuroretinal  changes  bclonging  to  albüminuric  retinitis.  The  fundus  reprc- 
sented  by  stereogram  32  is  a  good  example  of  this  condition.  An  analo- 
gous  type  of  hemorrhagic  retinitis  occurs  in  diabetes  also  due  to  vascular 
degeneration. 

In  the  retinitis  of  chronic  ncphritls,  vascular  degeneration  is  the 
undcrlytng  pathologic  factor,  This  may  cause  closure  of  the  central  artery 
or  central  vein,  producing  efFects  which  dominate  the  scenc  and  obscurc  othcr 
eyidence  of  the  diseasc. 

Stereogram  36.  Angiopathic  Albüminuric  Neuroretinitis, 
Degenerative  Stage.  Right  cyeground  of  a  man,  42  years  of  age, 
with  advanced  interstitial  nephritis.  The  retina  is  passing  from  the  exu- 
dative  to  the  degenerative  stage  of  retinitis.    The  case  is  complicated  by 
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a  rather  tevere  neuritis  which  serves  to  increase  the  tortuoslty  of  the  veins 
and  retinal  edema.  The  different  steps  of  albuminuric  retinitis  which  have 
been  described  are  never  sharply  diSerentiated.  For  example,  in  this 
fundiis  the  retinal  edema,  hemorrhages  and  fluSy  exudates  belong  to  the 
stage  of  exudation  or  congestion,  but  the  steliate  figure  about  the  macula 
and  the  large  whitish  patches,  sufEce  to  place  the  case  in  the  degenerative 
stage«  The  retinal  edema  is  most  conspicuous  about  the  nerve.  The 
outUnes  of  the  diso  are  completely  obscured  and  the  nerve  head  appears 
as  a  muddy,  red  blur.  The  engorged  and  tortuous  veins  burrow  into  the 
swollen  retina  and  disappear.  The  arteries  are  narrowed  and  their 
central  light  streaks  are  sharp,  bright  and  irregulär.  The  hemorrhages 
are  striate,  indicating  that  they  lie  in  the  nerve-fiber  layer.  The  large 
^itish  plaques  are  superficially  situated,  well  defined  and  nonpigmented. 
The  spots  Cover  the  arteries  when  the  two  are  in  contact.  The  "  star  "  does 
not  completely  encirde  the  macula.  Its  rays  consist  of  short  linear  and 
rounded  whitish  spots  arranged  in  rows.  Small,  fluffy,  edematous  spots 
are  seen  where  two  vessels  cross.  A  group  of  small  dots  is  scattered 
among  the  superior  temporal  vessels. 

DiAGNOSis.  In  the  great  majority  of  cases  angiopathic  retinitis  occurs 
in  connection  with  chronic  nephritis.  Exceptionally,  it  develops  in  other 
affections  attended  by  vascular  degeneration.  Occurring  in  diabetes  the 
ophthalmoscopic  picture  may  or  may  not  present  characteristic  features. 
In  diabetic  retinitis,  visible  angiosclerosis,  optic  neuritis  and  opacity  of  the 
retina  are  comparatively  rare.  It  must  be  borne  in  mind  that  unrecognized 
nephritis  may  exist  in  connection  with  any  disease  which  exhibits  angiopathic 
retinitis,  particularly  diabetes.  Albuminuric  retinitis  in  the  degenerative 
stage  requires  differentiation  chiefly  f rom  chronic  choroiditis. 


Albuminuric  Retinitis. 

Occurs  chiefly  in  posterior  polar 
Zone. 

White  patches,  superficially  situ- 
ated; overlie  retinal  vessels; 
edges  never  pigmented. 

Veins  dilated.  Arteries  normal 
width  or  narrowed.  Visible 
angiosclerosis. 


Chronic  Choroiditis. 


Lesions  distributed  throughout 
fundus. 

White  patches,  deeply  situated; 
always  beneath  retinal  vessels; 
old  lesions  looked  **  punched 
out " ;  more  or  less  pigment 
disturbance. 

Retinal  vessels  normal  or  uniformly 
narrowed  in  old  cases. 


92 


THE   FUNDUS  OCÜLI. 


Albuminuric  Retinitis. 
Choroidal  vessels  not  exposed. 

More  or  less  optic  neuritls. 
Retinal  hemorrhages. 
Vitreous  opacities  are  unusual. 


Chronic  Choroiditis. 

Some  choroidal  vessels  usually  ex- 
posed. 

Neuritis  is  very  rare. 

Hemorrhage  is  exceptional. 

Vitreous  opacities  common  in  early 
stage. 


Albuminuric  retinitis  is  diSerentiated  from  other  angiopathic  forms 
by  diagnosticating  the  associated  general  disease. 

Atrophic  Stage.  Retinitic  Optic  Atrophy.  In  natural  sequence, 
the  stage  of  d^eneration  is  foUowed  by  that  of  atrophy.  All  signs  of 
retinal  opacity,  hyperemia  and  neuritis  subside  and  the  red  fundus  reflex 
reappears.  As  in  other  forms  of  retinal  atrophy,  the  fundus  remains 
delicately  veiled.  The  white  plaques  of  the  degenerative  stage  become 
indistinct,  changing  from  white  to  a  dirty  grey  and  finally  disappear  or 
remain  as  patches  of  scattered  grey  specks.  The  last  to  disappear  is  the 
stellate  figure  around  the  macula.  Degeneration  of  the  retina  leads  to 
retinitic  optic  atrophy,  characterized  by  the  yellowish-white  color  of  the 
disc.  If  severe  neuritis  existed  in  the  earlier  stages,  the  disc  may  now 
present  the  white  color  and  peripapillary  pigment  disturbance  of  post- 
neuritic  atrophy.  Scattered  pigment  deposits  may  appear  either  from 
choroidal  degeneration  or  from  extravasated  blood.  The  blood  vessels 
undergo  extreme  degeneration  and  the  smaller  branches  disappear.  This 
ophthalmoscopic  picture  is  very  rare  for  the  reason  that  albuminuric 
subjects  seldom  live  long  enough  for  the  retinitis  to  reach  this  stage. 

Stereogram  37.  Angiopathic  Albuminuric  Retinitis.  Atro- 
phic Stage.  Left  eyeground  of  a  woman  29  years  of  age.  Urinary  ex- 
amination  indicates  advanced  cirrhosis  of  the  kidneys.  Three  months 
ago,  in  the  seventh  month  of  her  third  pregnancy,  she  became  blind  from 
retinitis.  An  abortion  was  induced  and  vision  was  partly  restored. 
Her  vision  was  defective  before  the  last  pregnancy.  Ophthalmoscopic  ex- 
amination  revealed,  in  both  eyes,  angiopathic  retinitis  in  the  atrophic 
stage.  Considering  the  advanced  stage  of  retinitis  that  now  exists,  it  is 
probable  that  pregnancy  was  an  intercurrent  event  in  the  course  of  a 
chronic  nephritis.  On  the  other  band,  chronic  nephritis  with  retinitis, 
foUowing  an  acute  attack,  sometimes  pursues  a  remarkably  rapid  course. 

The  optic  nerve  presents  the  yellowish-white  color  of  retinitic  atrophy. 
The  fundus,  especially  on  the  nasal  side,  contains  several  dirty-grey  patches 
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wliidi  are  mterpicted  u  rcciiiml  dcatrices  that  have  replaced  the  white 
fJaqucs  of  the  degieiierative  stage.  In  accordance  with  the  rule«  the  last 
qiots  of  cxndate  to  disappcar  are  those  around  the  macula.  In  this  case, 
the  few  wfaich  remain  may  be  remnants  of  a  macular  star.  Just  above 
the  macolar  region  are  three  small,  shining,  white  spedcs,  probably  crystals 
of  Cholesterine.  Several  masses  of  pigment  are  grouped  along  the  course 
of  a  macular  vein.  These  are  regarded  as  of  hematogenous  origin  for 
the  foUowuig  reasons:  (1)  they  are  superfidally  situated  upon  dirty- 
yellow  patches,  such  as  remain  after  resorption  of  blood ;  ( 2 )  the  choroid 
is  not  cxposed;  (3)  pigment  is  withln^  not  around  the  patch;  (4)  evident 
reladonship  of  the  pigment  to  a  blood  vessel.  Varied  and  irregulär  vas- 
cular  degeneration  is  characteristic  of  primary  angiosderosis  as  distin- 
guished  from  the  uniform  narrowing  and  obliteration  oi  vessels  due  to 
retinal  atrophy  (Stergm.  44).  All  the  blood  columns  are  either  irregu- 
larly  constricted  or  widened.  The  superior  temporal  arteries  exhibit 
sectional  sderosis.  These  vessels  form  a  series  of  fusiform,  thin  walled 
diladons  akemating  with  Stretches  of  artery  in  which  the  wall  is  thickened 
and  lumen  constricted.  The  thickened  walls  of  the  constricted  sections 
are  not  visible.  It  is  said  that  such  translucent  thickening  is  due  to  pro- 
liferation  of  the  intima  (endarteritis  nodosa).  The  ascending  branch  of 
this  artery  is  faintly  visible  as  it  passes  beneath  a  vein.  This  is  evidence 
of  thidcened  arterial  walls.  The  supranasal  artery  also  exhibits  sectional 
thid^ening  and  its  walls  are  visible  as  white  lines  bordering  the  narrowed 
blood  column.  When  vessel  walls  become  visible  it  is  supposed  that  the 
sderosing  process  has  extended  to  the  adventitia.  At  its  bifurcation,  each 
branch  of  diis  artery  undergoes  dilation.  Both  the  ascending  and  descend- 
ing  retinal  arteries  hide  underlylng  veins  on  the  disc,  and  the  Spaces  which 
here  appear  to  exist  between  the  ends  of  the  veins  and  arterial  blood 
columns,  measure  the  thickness  of  the  arterial  walls.  The  veins  prescnt 
irregulär  blood  columns.  The  smaller  veins  and  terminals  are  tortuous. 
Both  venous  and  arterial  twigs  have  been  extensively  obliterated  by  the 
general  retinal  atrophy.  On  the  disc,  the  sclerosed  arteries  press  on  the 
underlying  veins  and  obstruct  the  venous  flow.  This  is  manifested  by  local 
dilation  of  the  veins  distal  to  the  points  of  pressure. 

The  thin  patches  of  atrophic  retinitis  could  hardly  be  mistaken  for 
the  deep,  pigmented  lesions  of  choroiditis  (Stergm.  20).  Other  forms  of 
retinal  atrophy,  f.  e.,  retinitis  pigmentosa  (Stergm.  53),  puncata  albesccns 
(Stergm.  54),  occlusion  atrophy  (Stergm.  44),  etc.,  all  possess  char- 
acteristic fundus  changes.     Moreover,  in  all  these  diseases  the  retinal 
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vessels  undergo  uniform  narrowing  and  obliteration  while  in  atrophy 
following  angiopathic  retlnitis  the  vessels  present  the  varied  degenerative 
changes  of  arteriosderosis. 

Angiopathic  Diabetic  Retinitis.  The  retlnitis  which  occurs  in 
saccharine  diabetes  presents  no  ophthalmoscopic  feature  by  which  it  can 
with  certainty  always  be  differentiated  from  other  forms  of  angiopathic 
retlnitis.  Peculiarities,  however,  exist  which,  in  typical  cases,  permit  a 
probable  diagnosis.  Thus,  the  visible  angiosclerotic  changes  so  prominent 
in  albuminuria  are  usually,  but  not  invariably,  absent  in  the  retinitis  of 
diabetes.'^  Optic  neuritis  and  opacity  of  the  retina  also  are  very  rare. 
The  frequency  of  both  albumin  and  sugar  in  the  urine  has  rendered  it 
difficult  to  isolate  a  special  diabetic  type  of  retinitis  which  is  free  from 
suspicion  of  being  a  case  of  albuminuric  retinitis  in  a  diabetic  subject. 
Retinitis,  however,  does  occur  in  diabetes  in  the  absence  of  albuminuria. 
Hirschberg  has  separated  uncomplicated  cases  into  two  classes  which 
may  be  accepted  as  typical  of  saccharine  diabetes.  These  are :  ( 1 )  Cen- 
tral punctate  diabetic  retinitis ;  (2)  Hemorrhagic  diabetic  retinitis. 

Central  Punctate  Diabetic  Retinitis.  In  this  type  there  is 
little  or  no  evidence  of  vascular  disease,  optic  neuritis  or  retinal  edema. 
In  the  region  embraced  between  the  superior  and  inferior  temporal  vessels 
are  groups  of  white  spots  and  lines.  They  are  grouped  chiefly  around  the 
macula,  but  do  not  form  a  star.  Smaller  collections  occur  between  the 
macula  and  nerve.  Isolated  spots  may  appear  outside  the  temporal  area, 
or  on  the  nasal  side  of  the  disc,  or  in  front  of  the  vessels.  They  exhibit 
no  tendency  to  coalesce  and  large  spots  are  uncommon.  The  spots  and 
stripes  are  irregulär  in  outline  and  their  edges  may  be  serrated.  Blood 
is  seldom  seen  on  the  spots,  but  everywhere  between  them  are  small,  super- 
ficial hemorrhages.  Hemorrhages  occur  also  beyond  the  area  of  the 
spots.     Pigment  changes  are  lacking  and  the  vitreous  is  clear. 

Stereogkam  38.  Central  Punctate  Diabetic  Retinitis.  Left 
eyeground  of  a  laborer,  52  years  of  age.  His  vision  first  began  to  fail 
seven  months  ago  and  now  is  20/200  in  each  eye.  The  urine  contains 
sugar,  3  per  cent;  no  albumin,  no  casts  and  no  acetone.  Examination  of 
the  feces  shows  marked  pancreatic  insufficiency.  The  fundus  changes  are 
symmetrical  in  each  eye.  The  ophthalmoscopic  picture  is  a  remarkable 
example  of  Hirschberg's  central,  punctate  diabetic  retinitis.  The  optic 
disc  is  normal  and  the  retinal  vessels  are  not  visibly  sclerosed.     The 


*Cases    of   visible    arteriosclerotic    changes    in    diabetic    retinitis,    reported    by 
Gale2owski,  Michel,   Knapp. 
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repon  cmbnced  by  the  upper  and  lower  temporal  vessels  is  covered  by 
groups  of  superfidally  situated,  small,  white,  discrete,  sharply  defined  spots, 
many  of  which  possess  an  elongated  shape.  Scattered  between  the  spots  are 
namerous  small  striate  hemorrhages.  A  few  isolated  spots  are  situated  on 
the  nasal  aide  of  the  nerve. 

The  patient  was  kept  in  the  hospital  ward  for  several  weeks,  during 
urfiidi  time  no  improvement  occurred. 

DiAGNOSis.  This  picture,  which  is  extremely  rare,  probably  is  char- 
acteristic  of  diabetes,  although  the  several  types  of  angiopathic  retiniti^ 
are  differentiated  by  physical  examination  rather  than  by  the  ophthalmo- 
scopc.  The  angiopathic  character  of  this  retinitis  is  indicated  by  the  hemor- 
rhages. It  differs  in  appearance  from  albuminuric  retinitis  in  the  absence 
of  neuritis,  visible  vascular  changes  and  retinal  edema. 

Hemorrhagic  Diabetic  Retinitis.  This  condition  appears  to  be 
analogous  to  the  hemorrhagic  retinitis  of  albuminuria.  It  is  distinguished 
by  the  repeated  occurrence  of  retinal  hemorrhage  and  by  the  absence  of 
either  white  spots  or  visible  vascular  degeneration.  Any  form  of  retinal 
hemorrhage  may  occur.  When  disseminated,  the  extravasations  are  said 
to  be  rounder  and  more  deeply  situated  in  the  retina  than  in  the  albuminuric 
type.  Small  punctiform  hemorrhages  in  the  retina  are  suggestive  of 
diabetes.  Intravitreous  bleeding  and  vitreous  opacities  are  frequent  in 
this  type  of  diabetic  retinitis.  Posthemorrhagic  glaucoma  may  develop  and 
invariably  is  destructive. 

Under  the  name  of  atypical  diabetic  retinitis  Hirschberg  places  a  third 
group  of  cases  in  which  diabetes  is  accompanied  by  typical  retinitis  pig- 
mentosa, but  a  causal  relationship  between  the  two  conditions  has  not  been 
demonstrated. 

Diabetic  retinitis  is  a  rare  disease,  only  a  few  observers  having  seen 
a  sufficient  number  of  cases  to  be  convinced  that  it  possesses  any  special 
characteristic  feature.  The  case  of  central  punctate  retinitis  described 
above,  so  closely  corresponds  to  Hirschberg's  cases,  that  I  am  inclined  to 
regard  the  picture  as  nearly  pathognomonic  of  diabetes.  A  large  Pro- 
portion of  reported  cases,  however,  were  ophthalmoscopically  indistin- 
guishable  from  albuminuric  retinitis.  Even  the  macular  star  is  not  un- 
known  in  diabetes,  five  cases  having  been  reported,  three  by  Hirschberg, 
one  by  Hirschmann  and  one  by  Hawthorne. 

Although  the  walls  of  the  blood  vessels  are  seldom  opaque,  diabetic 
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cascs  are  not  exempt  from  profound  vascular  disease,  as  shown  not  only 
by  hemorrhage,  but  by  cases  of  thrombosis  of  the  central  vein*  and 
dosure  of  the  central  artery.t 

Lipemia  is  an  occasional  complication  of  diabetes.  In  such  cases  the 
retinal  vessels  appear  filled  with  a  milky  fluid.  The  arteries  havc  a  reddish 
and  the  veins  a  violet  tint,  Uthoff  thlnks  this  appearance  is  produced  by 
the  fat  globules  which  float  on  the  surface  of  the  blood  column,  forming 
a  layer  in  contact  with  the  walls  of  the  vessels. 

Functional  disturbance  of  vislon  is  far  greater  in  diabetes  than  in 
albuminuria.    Various  types  of  amblyopia  occur,  with  and  without  retinitis. 


Amblyopia  with  sector  defects  in  the  fie 
conccntric  contraccion  has  been  r-""« 
frequently  complain  of   "  glimme 

Affection  of  the  maculo-paplllary  b 

amblyopia  may  develop,  Mantbi 
the  use  of  tobacco  and  alcoh< 
the  action  of  theae  and  othi 
fections,  vision  in  dJabetics 
extrinsic  muscies  and  also  by 
byopia.  Cataract  is  a  frequ( 
Retinitis  is  a  latc  dev' 
an  unfavorablc  Symptom, 


common.  Optic  atrophy  with 
Schobl  States  that  diabetics 
lowed  by  central  amblyopia. 
idistinguishable  from  nicotine 
regards  these  cases  as  due  to 
jbjects  are  very  susceptible  to 
le  from  retinal  and  nerve  af- 
[isturbed  by  imbalance  of  the 
modation  and  premature  pres- 
tes. 

:tes  and  is  to  be  regarded  as 
gnosis  as  regards  life  is  far 
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better  than  in  abuminuria.  Atter  the  aevelopmcnt  of  diabetic  retinitis 
the  general  and  local  conditions  offen  remain  unaltered  for  a  long  period. 
Nettleship,  in  48  cases,  found  that  60  per  cent  lived  more  than  two  years. 

Angiopathic  1-EUKEM!C  Retinitis.  Leukemia  is  manifested  in 
the  retina  either  by  neuroretinitis  or  by  retinal  hemorrhagcs  without 
other  inflammatory  phenomena- 

Leükemic  Neuroretinitis.  In  this  form  the  hyperemia  usually  is 
of  moderate  intensity.  In  some  but  not  all  cases,  the  disease  is  distinguished 
by  a  pale,  orange-yellow  color  of  the  fundus  and  by  white  centered  hemor- 
rhages.  Sometimes  the  blood  vessels  may  be  nearly  white  in  color  the 
veins  being  distinguished  only  by  their  excessive  size  and  tortuosity.  In 
other  cases  the  vessels,  especially  the  veins,  exhtbit  white  borders.  Retinal 
opacity  is  present,  but  seldom  so  pronounced  as  in  albuminuric  retinitis. 
Escape  of  blood  into  the  retina  is  one  of  the  most  common  events  in 
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leukcmia.  The  eztrayasated  blood  is  said  to  be  lighter  in  color  than  in 
other  diseases.  Fresh  extravasations  ofcen  presenc  a  characteristic  ap- 
peanmce,  consisting  of  a  central  white  spot  surrounded  by  blood.  Gen- 
erally  the  hemorrhages  are  situated  in  the  ner\'e  Aber  layer  or  on  che 
surface  of  the  retina.  If  bleeding  is  profuse  all  layers  of  the  retina  or 
even  the  vitreous  may  be  invaded.  The  lesions  of  leukemic  retinitis  fre- 
quently  are  limited  to  the  region  anterior  to  the  equator  and  thus  escape 
Observation.  The  neuritis  varies  greatly  in  difterent  cases.  Although 
usually  moderate  in  degree,  it  may  be  excessive,  the  ner\'e  projecting  like  a 
mushroom  into  the  vitreous.  Occasionally  the  leukemic  fundus  presents 
the  picture  of  *'  albuminuric  retinitis."*  Michel  has  described  two  cases  of 
retinal  venous  thrombosis  in  leukemia. 

The  Pathologie  changes  of  leukemic  retinitis  are  due  to  the  excess 
of  leucocytes  in  the  blood  and  their  accumulation  in  the  tissues.  The 
orange  color  of  the  fundus  is  supposed  to  be  caused  by  lymphatic  infil- 
tration  of  the  choroid.  The  perivascular  sheaths  may  be  filled  with  lymph 
cells  and  appear  as  white  lines  bordering  the  retinal  vessels  or  may  even 
whiten  the  entire  vessel.  Similarly,  choked  disc  may  result  from  infil- 
tration  of  the  nerve  and  nerve  sheaths  with  leucocytes.  The  bleeding  in 
leukemia  is  explained  by  the  altered  State  of  the  blood.  The  great  excess 
of  the  white  cells  permits  them  to  accumulate  along  the  walls  of  the  vessels, 
through  which  they  pass  with  the  red  cells.  Michel  attributes  the 
bleeding  to  venous  thrombi.  Probably,  Saemisch  is  corrcct  in  regarding 
the  white  centers  of  the  hemorrhages  as  composed  of  white  blood  cells. 
Leber's  Suggestion  that  they  are  small  lymphomata  has  not  been  confirmed. 
Leukemic  extravasations  possess  the  following  peculiarity.  In  the  retinal 
hemorrhages  of  other  diseases,  white  areas  form  only  in  old  extrava- 
sations and  represent  the  processes  of  blood  resorption  and  degeneration ; 
while  the  white  center  of  a  leukemic  hemorrhage  appcars  when  the  blood 
is  extravasated.  Examples  of  both  types  of  white  spots  are  found  in 
leukemic  retinitis.  Microscopic  examinations  have  thrown  little  light  on 
the  structure  of  leukemic  extravasations,  inasmuch  as  only  old  hemor- 
rhages have  been  described. 

Deterioration  of  vision  in  leukemia  appears  to  depend  upon  actual 
lesions  in  the  retina  and  nerve  rather  than  on  amblyopias  of  toxic  or  cerebral 
origin.  Schmitt-Rimpler,  however,  has  reported  a  case  associated  with 
retrobulbär  neuritis. 


^Schirmer;    Kramsztky. 
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Other  ocular  manifestations  of  leukcmia  are  lymphoma  of  the  cyelids, 
cxophthalmus  due  to  lymphogenous  deposits  or  to  hemorrhage  in  the 
orbit,  enUrgement  of  the  lachrymal  gland,  Iritis,  iridocyclitis  and  hyphema. 

Hemorrhagic  Leukemic  Retinitis.  In  this  form  of  retinitis  the 
signs  of  congestion  are  sÜght  er  lacking.  The  fundus  may  or  may  not 
present  the  yellowish  cast  of  leukemia.  Some  dilation  of  the  veins  usually 
cxists.  In  the  following  case  the  most  interesting  clinical  feature  was  the 
prc3ence  of  a  white  center  in  a  fresh  hemorrhage. 

Stereogram  39.    Leukemic  Hemorrhagtc  Retinitis.    Right  fun- 
dus oculi  of  a  man  32  years  of  age.    Syrian.    Entered  the  clinic  complaining 
only  of  slight  Conjunctivitis.     He  wai  ' 
demonstrated  the  presence  of  lyr 
20/20.    With  the  ophthalmosi 
hemorrhages  along  the  arterip>  , 
days  aftcr  Coming  undcr  o\ 
suddenly  lost  during  a  fit  of 
cident  and  found  a  large, 
iiew  extravasation  contaim 
center. 

The  stercogram  pre* 
time.     Although  the  patien 
sesses  a  lighc,  yellowish  c 
appearance  is  attributed  to  dn  ui. 
deeply  plgmented  retinal  epithelium.      1 
color,  but  thcre  is  no  evidence  of  neuritis. 


anemic.  Blood  examination 
lia.  Urine  normal.  Vision 
:haracteristic  white  centered 
found  in  both  eyes,  Thrce 
vision  in  the  right  eye  was 
him  five  hours  after  this  ac- 
covering  the  macula.  This 
ly  defined.  briUiantly- white 


>scopic  picture  seen  at  this 
:omplexion,  the  fundus  pos- 
:e  appears  granulär.  This 
;d  choroid  shinJng  through 
l'tic  diso  has  a  uniform  pink 
i  he  axial  light  streak  on  the 
artcrics  is  unduly  hroad  and  brlght.  The  veins  are  rather  füll.  The 
entire  fundus  contains  numerous  striate  hemorrhages  several  of  which  con- 
tain  a  round,  white,  central  spot.  Immediately  below  an  artery,  on  the 
nasal  side,  is  a  large  preretinal  hemorrhage.  Beneath  the  supranasal 
vessels  is  a  yellowish  patch,  about  the  area  of  the  optic  disc,  which  marks 
the  site  of  an  old  retinal  hemorrhage. 

The  patient  returned  to  Syna  where  he  died  from  leukemia  about 
one  year  later. 

Retinitis  in  Pkrnicious  Anemia.  The  retinitis  of  pernicious  anemla 
il  largely  hemorrhagic  in  type.  The  ophthalmoscopic  appearances  rcsemble 
those  of  hemorrhagic  leukemic  retinitis,  although  Schöbl  sees  certain 
peculiaritiei  in  that  of  pernicious  anemia,  i.  e.,  a  greyish  cast  to  the  fundus. 
dark  veins  and  nearly  empty  arterlcs.  Müller  declares  that  retinal  hemor- 
rhage occurs  in  every  case  of  pernicious  anemia  when  the  disease  is  at  its 
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height.    Certainly,  it  usually  has  been  found  when  sought.    This  point  is 

of  diagnostic  importance  as  retinal  bleeding  is  very  rare  in  chlorosis  and 

I  simple  anemia.    The  hemorrhages  vary  in  size  and  occur  in  all  layers  of 

I  the  retina.    White  areas  appear,  said  to  be  identical  with  those  found  in 

j  leukemia,  but  in  reported  cases  no  distinction  is  made  between  the  spots 

in  new  and  old  extravasations.  Microscopic  examinations  have  shown 
that  the  spots  in  pernicious  anemia  contain  lymphocytes,  phagocytes  and 
q^oid  bodies  (ganglionic  nerve  fibers).  Apparently  these  spots  vary 
little  in  structure  from  those  found  in  any  old  retinal  hemorrhage.  The 
extravasations  are  said  to  be  especially  frequent  around  the  nerve.*  Ret- 
inal edema,  white  and  yellow  spots  in  the  retina  and  a  star  figure  at  the 
macula  have  all  been  seen  in  pernicious  anemia. t  Choked  disc  is  not  an 
unusual  complication.  Many  authors  have  mentioned  the  presence  of 
vascular  degeneration  in  this  disease  and  both  Moses  and  Michel  have 
met  thrombosis  of  the  central  vein. 
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AngiOpathic  Sypiiilitic  Rf.tinitis.  In  thc  eye  syphüis  cxhibits  a 
preference  for  the  uveal  tract  and  when  it  invades  the  fundus  it  usually 
appears  as  a  Chorioretinitis  (Stergms.  19-20-21).  Exceptionally,  the  brunt 
o(  the  disease  is  borne  by  the  rpr  in  rare  cases  only  the  retinal 

vessels  are  affected.     Syphilit  ed  to  the  inner  retinal  kycrs 

was  first  descrlbcd  by  Jacobs  Mauthner.    The  existence  of 

such  a  condition  has  long  bef  löbl  described  five  cases  which 

he  considers  typical  of  the  et  mptoms  were :  di^ty  opacities 

in  the  posterior  part  of  the  ^  red  disc;  süght  retinal  edema; 

arteries  narrowed;  veins  morrhages.     The  presence  of 

vitreou8  opacities  in  Schöbr.  licate  that  the  choroid  as  well 

as  the  retina  was  affected.  e  literature  denionstrates  that 

most  cases  present  the  retini  t  to  degeneration  of  its  vessels, 

ditfering  in  no  way  from  ar  i  as  it  occurs  in  other  diseases. 

A  wall-like  opacIty  about  th^  i  that  which  occurs  in  albumin- 

uria,  was  found  in  Syphilide  retinitis  :n,  Schweigger  and  Alexander. 

Croups  of  minute,  yellowish  dots,  ciusveri  about  the  blood  vessels  were 
described  by  Hirschberg.  An  ophthalmosttupic  picture  identical  wlth  that 
seen  in  albuminuric  retinitis  has  been  observcd  In  syphilltlcs  whose  urine 
contained  neither  albumln  nor  sugar,  by  Knapp,  Haab  and  Schafiels.  Ar- 
teriosclerotic  altcratlon  in  the  retinal  and  choroldal  {Fig.  80)  vessels 
wichouC  marked  changes  in  the  retina  is  a  matter  of  common  Observation 
in  cases  of  old  syphilis.  Haab  regards  white  scales  on  the  retinal  vessels 
as  characteristic  of  syphiütic  vasculitis.  Cerebral  syphilis  frequently  is 
accompanied  by  sclerosis  of  retinal  vessels.  v.  Hössün  describes  five  cases 
of  brain  syphilis  which  exhlbited  endarteritis  of  the  retinal  vessels,  and  in 
one  of  the  cases  there  was  optic  neuritis.  The  term  "  hemorrhagic  syph- 
illtic  retinitis"  has  been  applied  to  cases  In  which  syphilitic  vasculitis  re- 
sulted  in  extensive  retinal  hemorrhages,  Closure  of  the  central  vessels  and 
their  branches  occurs  In  syphilis  as  In  the  vascular  degeneration  of  other 
diseases.  Closure  of  the  central  artery  has  been  described  by  StÖltlng  and 
by  Oglesby,  and  Haab  regards  syphilitic  endarteritis  as  responsible  for  many 


ANGIOPATHIC   RETINITIS.  101 

ctses.  Glaucoma  developing  in  syphilitics  has  been  attributed  to  specific 
vascular  degeneration.'^  Before  accepting  this  condusion  it  is  necessary  to 
demonstrate  that  glaucoma  can  be  directly  produced  by  disease  of  the 
blood  vessels. 

Visual  disturbance  in  syphilitic  retinitis  may  be  out  of  proportion  to 
the  visible  changes.  Glimmering  is  an  early  and  prominent  symptom 
which  Hirschberg  attributes  to  retinal  anemia  caused  by  arterial  disease. 
It  is,  however,  more  reasonable  to  suppose  that  '*  glimmering  "  is  caused 
in  these,  as  in  other  cases,  by  choroidal  disease.  The  same  explanation 
applies  to  night  blindness,  which  is  a  frequent  symptom  of  syphilitic  reti- 
nitis. Ring  scotomata  and  other  forms  may  develop.  In  syphilitics  with 
angiopathic  retinitis,  the  urine  may  contain  albumin  or  sugar.  In  such  cases 
the  retinitis  should  not  be  classed  as  strictly  syphilitic. 
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Retinitis  Circinata.  Fuchs,  in  1893,  reported  a  scries  of  twelve 
cases,  presenting  a  uniformity  of  Symptoms  that  entitied  them  to  be 
classed  as  an  independent  affection  which  he  designated  as  "  retinitis  cir- 
cinata.'' The  condition  was  not  unknown  previous  to  Fuch's  paper,  Hutch- 
inson having  first  described  it,  in  1876,  as  "  a  symmetrical,  central,  chorio- 
retinal  disease,  occurring  in  senile  persons.'*    Subsequently  a  number  of 
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cases  were  reported  as  "  Hutchinson's  changes  "  and  under  other  names.* 
The  prominent  feature  from  which  retinitis  circinata  derives  its  name 
is  a  girdle  of  white  spots  cncircling  the  macula.  The  charactenstic  changes 
usually  are  confined  within  the  triangulär  space  enclosed  betwecn  the 
supertor  and  inferior  temporal  vesscls.  In  typical  cascs,  the  macula  around 
the  fovea  presents  a  greyjsh  opacity.  At  a  ccrtain  distance  this  opacIty  is 
surroundcd  by  a  ring  of  large  and  small,  milk-white  spots.  Betwecn  the 
ring  and  macular  opacity  the  retina  may  or  may  not  appear  normal.  Gen- 
erally,  the  girdle  of  spots  is  horizontally  elliptical  in  outline  and  incomplete 
on  the  nasal  or  temporal  sides.  The  pe'-'"'";ry  of  the  girdle  usually  falls 
short  of  the  larger  temporal  vessels  and  üsc,  but  In  ccrtain  cases  both 
may  bc  included  within  its  radius.  1  ■  =els  pass  over  the  spots  when 
the  two  are  in  contact.  The  spots  a 
first  formed  they  are  round,  but  mav 


or  even  a  white  band  with  sca1 
impression  that  they  are  sl 
opacity  always  is  greater  tl, 
may  appear  sharply  detinec 
and  swelling  of  the  retina  i 
ported  in  which  the  retina  " 
tation  does  not  belong  to  the 
ment  Spots  have  been  observ  — 


lordered  by  pigment.  When 
and  produce  lobulated  forms 
Tie  spots  give  the  observer  an 
rhe  diameter  of  the  macular 
tic  disc,  and  in  fresh  cases  It 
>aque  area  may  be  extended 
Several  cases  have  been  re- 
he  macular  region.  Pigmcn- 
picture,  but  stippling  and  pig- 
;Irdle.     Within  the  girdle,  a 


delicate  haze  hangs  over  '■he  zone  ot  apparently  normal  retina.  In  old 
cases,  hemorrhages  occur  in  the  affected  region,  usually  along  the  ves- 
sels. According  to  Fuchs,  blceding  occurs  in  about  half  of  the  cases. 
Holms  Spicer  found  hemorrhages  in  the  fellow  eye.  Fresh  spots  and 
new  hemorrhages  may  form.  In  very  old  cases  pigmentatlon  may 
occur.  The  optic  disc  is  unaltered  unless  touched  by  the  girdle,  in  which 
case  its  outline  may  be  blurred.  The  retinal  veins  are  tortuous  and  the 
vessels  may  present  other  artenosclerotic  changes.  In  course  of  time  the 
retina  included  within  the  girdle  atrophies.  The  spots  may  long  remain 
unchanged  or  may  break  up.  Fuchs  has  seen  the  macular  opacity  and 
spots  disappear  in  four  years  and  in  anotber  case  continue  for  seven 
years.  DeWcckcr  has  observed  a  case  for  twenty  years.  The  spots  some- 
times  change  color  and  exhibit  a  dirty-grey  stippling,  and  Cholesterine 
deposits  appear.  In  some  cases  a  proliferative  process  ensues  and  the 
retina  becomes  greatly  thickened  from  formatton  of  connective  tissue. 
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Retinitis  circinata  is  a  rare  disease.  Among  70,000  eye  patients,  Fuchs 
found  eight  typical  and  four  atypical  cases.  DeWecker  saw  iifteen  cases 
among  150,000  patients.  In  Fuch's  twelve  cases,  only  one  eye  was  affected 
in  seven  and  both  eyes  in  five.  It  appears  to  be  more  common  among  women 
than  among  men.  Generally  the  subjects  are  over  60  years  of  age  and  have 
arterioscierosis ;  cases  occur,  however,  at  all  ages.  De  Wecker  saw  a  case 
in  an  infant.  Great  visual  disturbance  always  exists,  but  develops  gradu- 
ally.  It  consists  of  a  relative  central  scotoma,  with  a  diameter  of  10-12 
degrees,  which  soon  becomes  absolute.  Peripheral  vision  is  not  affected, 
but  old  cases  develop  concentric  contraction  of  the  field.  The  light  sense 
remains  good.  The  patients  do  not  complain  of  night  blindness,  day 
blindness  or  metamorphopsia,  from  which  it  is  inferred  that  the  rod 
and  cone  layer  of  the  retina  is  unaffected.  The  course  of  the  disease  is 
chronic  and  progressive  and  the  prognosis  is  bad,  but  absolute  blindness 
does  not  result,  peripheral  vision  being  retained. 

The  nature  of  the  process  and  morphology  of  the  spots  have  not  becn 
determined.  Fuchs  regards  the  latter  as  exudates  similar  to  those  found 
in  albuminuric  retinitis  and  denies  that  they  are  connected  with  hemor- 
rhages.  Goldzieher  thinks  the  condition  is  a  manifestation  of  arterioscier- 
osis, the  spots  being  necrotic  areas  caused  by  closure  of  arterioles.  Nuel 
accepts  arterioscierosis  as  the  cause  and  believes  the  spots  to  be  in  Henle*s 
layer  which  is  best  developed  in  this  region.  DeWecker  declares  that  the 
spots  are  blood  clots  which  have  undergone  fatty  degeneration.  Only  one 
case,  that  of  Ammann,  has  been  microscopically  examined.  Unfortunately, 
the  authenticity  of  the  case  may  be  questioned,  as  the  patient  had  advanced 
glaucoma  and  albuminuria.  In  the  affected  part,  the  retina  had  four  times 
its  natural  thickness,  due  to  thickening  of  the  internuclear  layer.  Ammann 
decided  that  the  spots  were  Clusters  of  fat  granules  and  hyaline  masses 
resulting  from  disintegration  of  blood;  but  the  blood  had  all  disappeared. 
Ammann's  conclusions  are  not  final.  Clinically,  bleeding  is  an  inconspicu- 
ous  feature  in  retinitis  circinata.  When  it  occurs  it  may  or  may  not  leave 
a  white  spot,  but  there  is  no  doubt  that  the  characteristic  garland  of  spots 
occurs  independently  of  hemorrhages.  The  arrangement  of  the  spots 
around  the  macula  corresponds  to  the  terminals  of  the  perimacular  arteries, 
which  strongly  suggests  nutritive  disturbance  from  vascular  disease.  The 
gradual  development  and  progressive  character  of  the  affection  indicate 
a  chronic  degenerative  process  which,  from  its  Situation,  may  be  regarded 
as  of  vascular  origin. 
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Stekeogram  40.  Retinitis  Circinata.*  Right  eycground  of 
I  60  years  of  agc.  In  her  tirst  continemcnl,  31  years  ago,  she  had 
puerperal  edampsia..  Eight  subsequent  confinements  were  normal  and  all 
cfaildreo  born  are  still  living  and  healthy.  Urine  normal,  Blood  pressure 
180-190  mm.  Hg.  Vision  of  the  right  eye  has  becn  progressiveiy  failing 
for  the  past  year.  Aside  trom  stight  vascular  changes  In  the  retina,  the 
left  eye  appears  normal.  In  the  fundus  of  the  right  eye  is  an  open,  white 
gircDe  around  the  macular  region.  The  radius  of  the  girdle  litis  the  space 
between  the  superior  and  inferior  temporal  vessels.  The  gap  in  this  circle 
occurs  on  the  side  ncarest  the  nerve,  and  is  fiUed  by  »  yellowish-white  strip 
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slightly  dilated.    Two  strlatc  hemorrhages  are  secn  atong  the  course  of  the 

inferior  temporal  vein.  iniincdialely  outsidc  the  girdle. 

DiACNOSIS.  It  is  not  difficult  to  diagnostlcate  rerinitis  circinata  if 
attention  is  once  dirccted  to  the  characteristic  arrangement  of  the  white 
spots.  In  rctiniti»  tircinata  white  spots  ncver  appcar  in  the  macula.  but  in 
ilbuminuria  and  diabetcs  the  maaiU  is  the  favorite  site  of  exudation. 
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Chapter  VII. 
CLOSURE  OF  THE  RETINAL  VESSELS. 

Closure  of  THE  CENTRAL  Arterv  ( EmboHsm ) .  For  the  purpose 
of  practica!  discussion,  the  retinal  circulation  may  be  regarded  as  a  terminal 
System.  Such  coUateral  vessels  as  exist  are  insufficient  in  size  to  maintain 
the  vitality  of  the  tissues;  consequently,  ocdusion  of  the  lumen  in  the 
central  artery  is  immediately  foUowed  by  acute  retinal  anemia  and  loss 
of  vision. 

Ophthalmoscopic  Appearances.  If  viewed  immediately  after  the 
circulation  has  been  interrupted,  the  following  characteristic  picturc  is 
presented.  The  media  are  clear;  the  fundus  has  a  duU,  slight  grey  c:ist; 
the  optic  disc  is  pallid;  the  arteries  are  reduced  in  size  and  the  smallcr 
twigs  are  indistinguishable.  Frequently  the  arteries  appear  fairly  well 
iilled  at  the  periphery  and  filliform  at  the  disc.  If  arteriosclerosis  has 
rendered  the  arterial  walls  opaque,  they  appear  as  white  cords  or  show 
irregulär  constrictlons  with  apparent  interruptions  of  the  blood  column. 
As  a  rule,  the  veins  can  be  traced  throughout  their  courses,  but  frequently 
their  proportions  appear  reversed,  f.  e.,  they  are  widest  at  the  periphery 
of  the  field  and  diminish  in  size  as  the  disc  is  approached. 

After  closure  of  the  central  artery  degenerative  changes  in  the  retina 
immediately  ensue.  Within  a  short  time  a  white,  cloudy,  edematous-looking 
opacity  appears  at  the  posterior  pole  and  gradually  extends  over  the  fundus. 
The  fovea  centralis,  however,  retains  its  normal  color,  appearing  as  a 
"  chcrry-red  "  spot,  strongly  contrasting  with  the  surrounding  white.  The 
margin  of  the  disc  becomes  indistinct  and  surrounded  by  delicate,  radiate 
striations,  which  are  never  pronounced  as  is  the  case  in  tumescence  of  the 
nerve  head.  The  retinal  opacity  reveals  small  vessels  around  the  macula 
which  ordinarily  are  invisible.  At  the  periphery,  where  the  retina  is  thin- 
nest,  the  opacity  gradually  disappears.  Retinal  hemorrhages,  usually  in- 
significant  in  size,  are  sometimes  present  around  the  disc  and  macula.  After 
a  variable  time  (hours  or  days)  the  retinal  circulation  is,  in  a  measure, 
re-established.  When  this  first  takes  place,  a  remarkable  phenomenon, 
known  as  the  granulär  current,  may  occasionally  be  observed.  In  this 
condition  the  blood  columns  of  certain  vessels,  more  commonly  the  veins, 
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iiK  broken,  preienting  the  appearance  of  moving  red  beads  separated  hy 
tUar  interipacci.  The  rapidlty  of  the  current  varles  and  abrupt  fluctua- 
tum»  may  take  place.  Thus,  the  blood  stream  may  be  moving  steadily 
tlirouKh  a  vcmcI  whcn,  suddenly,  it  becomes  slower  or  even  reversed;  or 
a  t(»-atid-fro  (pendulum)  movement  may  occur.  Rarely  all  motion  ceascs. 
l'uUatory  entrancc  of  blood  into  the  vesscl  Is  very  rare.  I  have  seen  but 
hi\t  ca«c.  After  circulation  is  partially  restored,  If  the  arlerles  arc  not 
Mlcroied,  the  slightest  pressure  reproduces  the  granulär  current.  Atrophy 
luiw  cniues,  The  opacity  disappears  and  the  retina  regains  Its  transparency. 
'Ihi:  outline  of  the  disc  becomes  sharn  anH  the  nerve  atrophlcs.     The 


fCHcli  undcrgo  dcgeneration,  which  in  ^ 
A  faint  haze  always  rcmains  over 
iiig  cloaure  of  the  central  arterv. 

SlKBEOGRAM  41.*  ClO 
(l'.mholifm?).  Lcft  fundus  — 
ojicratrir.  The  left  eye  has 
vulon.  Suddenly,  while  work 
lcft  eye  became  blind,  but  on 
w»t  without  light  pcrception 
preiiure  1 25  mm.  Hg. ;  no  sy| 
lilHf  wai  heard  by  some  and 

The  itereogram  was  p; 


iesis  extreme  (Stergm.  44}. 
i  the  retinal  atrophy  follow- 

ENTRAL  Retinal  Artery 
18  ycars  of  age;  telephone 
transitory  obscuratlons  of 
from  slight  vertigo  and  the 
jn  did  not  return.  The  eye 
ird.  Urine  normal;  blood 
Jsis.    An  aortic  systolic  mur- 


fiptk  illac  i«  (urroundcd  and  obscured  oy  a 
The  r«Hng  !■  opaque  als« 


s  after  closurc.  The  pale 
oad  halo  of  opaque  rctina. 
in  the  macular  region,  strongly  contrasting  with 
tUe  "  (Uerry-rtÄ  "  fovea.  The  larger  arteries  are  filiform  and  the  smaller 
Ufitni-hu»  invitible.  A  fcw  small  hemorrhages  have  occurred  around  the 
Ih4m\»  ftnd  nerve.  The  vcins  are  better  filled  than  the  arteries.  The 
W(('rf»nilMl  veifi  is  broadcr  at  the  periphery  than  at  the  center.  Slight 
fifKUtUm  m  the  cycbnll  produces  pulsatlon  in  the  \-essels,  proving  that 
Hft-niitlUm  U  partly  rc-cstahlished. 

(  W(»  yeara  later  the  rctina  was  highly  atrophic  (Stergm.  44),  Physi- 
t-4\  S»i*llll(iatlon  at  this  timc  failed  to  reveal  any  cause  for  closure  of  the 
iirury. 

IniküpIIBTation  of  the  Ophthalmoscopic  Picture.  Retinal 
(f((|i.MA.  The  intraocular  dlstrlbution  of  the  central  artery  is  limited  to 
lIlF  Ifiltcr  layen  of  the  rctina;  consequently,  occiusion  of  the  artery  inter- 
fl(|'U  iitctaboliim  in  these  layers.    The  ganglion  cells  with  their  axons 


*('«llirp)  iit  Dr.  J    H.  Ohiy,  Brooklyn  Eye  and  Ear  Hospital. 
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(the  nerve  fibers)  undergo  coagulation  necrosis,  whereby  their  transparenqr 
18  lost.  In  addition  there  is  more  or  less  serous  exudation,  analogous  to 
the  postanemic  edema  occurring  in  white  infarction  of  the  kidney,  spieen 
and  other  organs.  Ordinarily,  the  amount  of  edema  is  slight ;  exceptionally, 
howevcr,  it  is  abundant  (Stergm.  42).  Retinal  opacity  usually  appears 
within  two  hours  after  closure,  rarely  later  than  the  second  day.  De 
Schweinitz  mentions  a  case  in  which  he  saw  it  20  minutes  after  an  attack. 
Von  Gracfe*s  case  was  remarkable  in  that  it  did  not  appear  for  two  wceks. 
Schweigger  regards  early  retinal  opacity  as  evidence  that  the  arterial  ob- 
struction  is  nonembolic.  It  is  most  marked  around  the  disc  whcre  the 
nerve  fiber  layer  is  thickest  and  around  the  fovea  where  the  ganglion  cells 
are  most  numerous.  In  course  of  time  the  waste  products  of  retinal  de- 
generation  are  removed,  after  which  the  inner  layers  of  the  retina  are  con- 
verted  into  a  thin  cicatrix.  The  external  layers  of  the  retina  are  nourished 
by  the  choroid  and  theref ore  are  not  affected.  The  supporting  tissue  of  the 
retina,  which  is  common  to  all  layers,  also  escapes  destruction. 

Stereogram  42.*  Closure  of  Central  Retinal  Artery.  Right 
fundus  oculi  of  a  woman,  37  years  of  age.  Urine  normal.  No  tracc  of 
Syphilis.  Heart  slightly  dilated,  but  no  murmurs.  Two  weeks  ago  she 
suddenly  became  blind  in  the  right  eye,  since  which  time  there  has  been  no 
pcrception  of  light.  The  subsequent  history  of  the  case  is  unknown.  Oph- 
thalmoscopic  examination  revealed  the  fundus  picture  of  recent  closure  of 
the  central  artery.  The  retina  is  opaque  throughout  the  entire  posterior 
polar  Zone.  Around  the  nerve  and  at  the  macula  the  opacity  is  very 
dense,  completely  obscuring  the  disc,  while  the  "  cherry  spot  "  at  the  macula 
is  barely  distinguishable.  That  this  retina  is  edematous  as  well  as  opaque 
is  shown  by  opacities  which  overlie  the  vessels.  Arteries  are  indistinguish- 
able  from  veins.  Most  of  the  vessels  taper  from  the  periphery  toward 
the  disc.  An  ascending  and  descending  vessel  appear  as  white  lines  without 
visible  blood  columns,  indicating  that  their  walls  are  scierosed. 

Foveal  Red  Spot.  The  ganglion  cells  and  nerve  fibers  of  the 
retina  do  not  extend  over  the  fovea  centralis;  therefore,  its  normal  red 
color  is  not  obscured  by  the  retinal  opacity  which  appears  after  closure  of 
the  central  artery,  on  the  contrary,  the  fovea  becomes  highly  conspicuous 
by  contrast  with  the  surrounding  opaque  ganglion  cells.  The  preceding 
explanation  of  the  foveal  red  spot  was  given  by  Von  Graefe  and  may  be 
accepted  as  true.     Other  less  satisfactory  theories  have  been  advanccd; 

♦From  the  service  of  Br.  J.  Scott  Wood,  Brooklyn  Eye  and  Ear  Hospital. 
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i.  e.,  hemorrhage  (Blessig,  Stcffan) ;  circumscribed  Chorioretinitis  (Ncttlc- 
ship)  ;  retinal  pigment  (Fischer);  attenuation  of  retinal  elements  and 
atrophy  of  pigment  (Elschnig) ;  hypcremia  of  the  choroid  (Loring).  Of 
these  theories,  only  hemorrhage  has  received  any  support.  Hemorrhages 
near  the  macula  frequently  assume  a  rounded  form  and  are  easily  mistaken 
for  the  red  fovea  (Stergm.  48).  Very  rarely,  however,  bleeding  does 
occur  in  the  fovea  (Fuchs)  in  which  case  it  may  be  regarded  as  accidental. 
The  cherry  spot  appears  and  disappears  with  the  retinal  opacity,  which 
would  not  be  the  case  were  it  a  blood  dot.  Loring's  theory  is  supported 
by  the  case  reported  on  page  113  in  which  I  found  great  local  congestion 
of  the  choroid  behind  the  macula.  The  shape  of  the  cherry  spot  usually  is 
described  as  elliptical.  Ophthalmoscopically,  the  apparent  form  of  the 
spot  is  modified  by  position  of  the  light  and  by  shadows  cast  upon  the 
walls  of  the  macular  depression.  Anatomically,  the  fovea  is  not  oval,  but 
round. '^  The  distinctness  of  the  spot  is  modified  by  the  degree  of  opacity 
with  which  it  is  contrasted  and  also  by  the  amount  of  retinal  edema.  If 
the  retinal  epithelium  or  choroid  is  deeply  pigmented,  the  spot  will  be 
darker  than  in  a  blond  fundus.  Inoyu  has  seen  it  coal-black  in 
a  Japanese. 

Retinal  Vessels.  Eyes  removed  during  life  or  after  death  exhibit 
arteries  diminished  in  size  but  still  containing  blood  in  which  the  red  cells 
have  agglutinated  and  separated  from  the  plasma,  so  that  the  vessels 
contain  alternate  sections  of  plasma  and  massed  red  cells.  A  similar  con- 
dition  exists  in  the  retinal  vessels  when  the  supply  of  blood  is  withheld 
from  closure  of  the  central  artery.  Those  vessels  which  appear  empty 
are,  in  reality,  filled  with  plasma.  Therefore,  it  is  inaccurate  to  describe  an 
artery  in  the  Uving  eye  as  empty  unless  the  lumen  is  abolished  by  collapse 
or  thickening  of  its  walls.  Arteries  filled  with  plasma  preserve  their  con- 
tour,  appearing,  when  viewed  with  the  ophthalmoscope,  as  duU,  yellowish- 
tinted  cords^  differing  in  this  respect  from  an  artery  emptied  by  external 
pressure  with  the  finger,  in  which  case  the  vessel  appears  as  a  bright, 
flat  batid.  They  differ  also  from  highly  sclerosed  vessels,  which  resemble 
white  pipe  stems.  In  cases  of  central  artery  obstruction,  if  the  retinal 
arteries  are  not  diminished  in  size,  closure  is  incomplete.  It  is,  however, 
difficult  to  estimate  a  moderate  diminution  in  the  width  of  the  retinal  ves- 
sels. Mistakes  in  this  respect  are  frequently  made  and  are  best  avoided 
by  comparisons  with  the  fellow  eye.  The  arteries  adapt  themselves  to  a 
diminished  blood  column  by  elastic  contraction  of  their  walls  (Elschnig), 

♦Piersol;    Schmidt-Rimpler;    Merkle;    Dogiel. 
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and  also  as  a  result  of  intraocular  pressure  (Fischer).  Unless  circu- 
lation  is  quickly  restored,  the  vascular  contraction  becomes  permanent  from 
proliferation  of  connective  tissue  and  degenerative  changes  in  the  walls. 

Frequently,  the  arteries  appear  better  fiUed  at  the  periphery  than 
on  the  disc.  Elschnig  thinks  this  is  due  to  the  greater  musculature  of  the 
larger  arteries  which  enables  them  to  expel  blood  more  readily  than 
smaller  vessels.  Reimer,  however,  states  that  the  musculature  of  a 
vessel  is  proportionate  to  its  size  and  sufEcient  to  maintain  its  tone;  he 
regards  arteriosderosis  as  a  more  probable  cause  of  the  diminished  size  of 
the  larger  vessels.  Apparently,  a  more  reasonable  explanation  than  either 
of  the  above  may  be  found  in  the  capillary  action  exerted  by  the  exceed- 
ingly  small  retinal  capillaries  which,  in  the  absence  of  a  cardtac  Impulse, 
would  hold  the  blood  like  a  sponge ;  as  the  total  amount  of  blood  in  the 
retina  after  closure  of  the  central  artery  is  insufficient  to  iill  all  its  ves- 
sels, it  accumulates  in  the  capillaries  and  the  scarcity  is  manifested  chiefly 
in  the  larger  vessels."*"  Although  the  veins  are  better  filled  than  the  arteries, 
they  frequently  are  described  as  tapering  towards  the  disc.  This  also  can 
be  explained  by  scarcity  of  blood  in  the  retina  and  its  tendency  to  remain 
in  the  capillaries,  in  the  absence  of  an  efficient  vis-a-tergo. 

In  some  cases  of  otherwise  complete  blindness  from  closure  of  the 
central  artery,  an  area  of  light  perception  is  retained  for  a  time  on  the 
temporal  side  of  the  field.  Fischer  demonstrated  that  this  corresponds 
to  a  narrow  zone  around  the  optic  nerve,  which  is  occupied  by  capillary 
anastomoses  between  the  blood  vessels  of  the  retina  and  choroid.  Tlus 
area  also  becomes  blind  in  the  atrophic  stage. 

In  some  eyes  the  macular  region  is  supplied  by  a  so-called  cilio- 
retinal  artery  in  which  blood  continues  to  circulate  even  though  the  main 
artery  is  closed.  When  this  condition  exists,  central  vision  alone  is 
preserved.  Wilbrand  describes  a  typical  case  in  which,  fifteen  years  after 
closure  of  the  central  artery,  a  narrow  strip  of  retina,  corresponding  to  the 
distribution  of  two  cilioretinal  vessels,  had  retained  both  normal  vision 
and  appearance  notwithstanding  all  other  parts  of  the  retina  had  undergone 
extreme  atrophy.  Cilioretinal  vessels  are  quite  common  and  are  recog- 
nized  by  the  manner  in  which  they  hook  over  the  edge  of  the  optic  disc, 
usually  on  the  temporal  side  (Stergm.  4).  They  are  supposed  to  spring 
from  the  choroidal  System  of  vessels  which  would  render  them  independent 


*In  retinitis  pigmentosa,  optic  atrophy  and  other  chronic  degenerations  of  the 
retina»  in  which  the  cardiac  impulse  is  unimpaired,  there  is  comparatively  uniform 
narrowing  of  the  retinal  vessels. 
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of  ciroijtory  tfifturlianccs  in  the  central  artery.    It  is  a  qucstion,  faowevcr, 

»4kecberdiey  realljr  ori^inatc  in  thc  choroidal  System  or  are  branches  from 
th«  central  artery.  givcn  nfi  far  back  in  thc  ncrvc,  proximal  to  thc  usuaT 
lÜK  tA  obMruction. 

Variations  in  the  appearance  of  the  vessels  are  occasionaily  noicd  in 
central  artery  obftruction.  7'hus,  Priestly  Smith  described  a  case  in  which 
tfae  veint  tapered  towards  the  disc  but  abruptly  enlarged  at  the  junction 
of  tributory  velns,  then  again  diminished  in  size  until  joined  by  another 
tributary.  A  limitar  condltion  is  shown  in  stereogram  43.  Nettleship  de- 
•cribes  an  unusuat  appearance,  Seen  thirty  hours  after  closurc.     At  thc 


,  wider  than  the  vcssels, 
a  dried  up  brook.  Channel." 
walls.      Reimer  mentions  a 


is  impossible  to  distingulsh 
m  deficicnt  oxidation  of  the 
DifEculty  in  diflerentiation 
light  streats  on  the  vcssels. 
re  attenuated  than  the  veins 

t  at  its  height  it  is  probable 
;rals  around  the  nerve  head, 
lat  inability  to  produce  pul- 


macula  the  vesseU  wcrc  bordcrcd  by 
wfaich  wcre  compared  to  "  rüls  of 
They  werc  too  wide  for  dege 
•imilar  appearance  in  onc  of 

When  the  vestcls  bcgin  r< 
veint  from  arteries,  both  beii 
blood  incident  to  retardation 
i*  further  Increased  by  thc  fn 
In  the  atrophic  stage  the  artt 
(Stergm.  44). 

When  obstniction  of  the 
that  a  meager  circulation,  dei 
»tili  exiitt  in  the  retina.     It  nas  dcc 

•ation  in  the  retinal  vessels  by  extemal  pressure  indicates  cessation  of  the 
circulation.  This  tcst  Is  of  little  value,  inasmuch  as  puUation  is  not  rcadily 
produced  in  tclerosed  vessels,  which  is  the  usual  condition  in  closure  of 
the  central  artery. 

Clinically,  when  thc  retinal  circulation  is  very  feeble,  It  is  completcly 
arreited  by  the  »lightest  pressure.  Reimer  asscrts  that  a  certain  amount 
of  circulation  it  present  so  long  as  the  blood  column  remalns  unbroken, 
and  comptete  intermption  can  be  assumed  only  when  the  blood  column  is 
broken  and  the  teparated  portions  stand  still.  Thls  Statement  is  founded 
upon  the  ophthalmoscopic  appearance  of  the  retinal  vessels  nt  death.  It 
mutt  be  remembered  that  the  appearance  of  a  broken  blood  column  may 
be  timultted  by  opaque  spots  in  thc  walls  of  a  vessel,  which  obscure  a 
thin  but  continuous  column  of  blood.  If  either  spontaneous  or  pressure 
pulifltion  can  be  demonstrated  it  is,  of  course,  positive  proof  that  circu- 
lation cxiiti.  Thc  retinal  circulation  will  be  restored,  sooner  or  latcr, 
üftcr  iti  apparcnt  Suspension.    At  this  time  the  arteries  may  only  partly 
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regain  their  former  calibre  or,  on  the  other  band,  become  byperdistended. 
In  the  latter  case  small  bemorrhages  occur  (Haab). 

If  blood  18  absolutely  withbeld  from  tbe  retina,  tbe  ganglion  cells 
perish  in  a  vcry  sbort  time.  Under  similar  conditions  in  the  brain  the 
cells  die  within  half  an  bour  or  less.  Tbe  clinical  bistories  of  cases  in 
whicb  vision  bas  been  completely  or  relatively  restored  several  days  after 
obstruction  of  tbe  central  artery,  indicate  that  sufEcient  blood  was  supplied 
to  tbe  retina  to  preserve  tissue  vitality,  although  insufficient  to  maintain 
functional  activity.*  If  visible  degenerative  changes  in  a  retinal  artery 
have  produced  ocdusion,  there  will  be  blindness  throughout  tbe  area  of 
its  distribution. 

Granulär  Current.  When  tbe  blood  current  in  a  vessel  is  suf- 
ficiently  retarded,  tbe  red  corpuscles  agglutinate  into  masses  whicb  float 
in  the  blood  plasma.  The  size  and  appearance  of  these  corpuscular  masses 
vary  with  tbe  rapidity  of  the  current.  Thus,  if  the  blood  stream  is  com- 
paratively  swift,  they  are  small,  resembling  rapidly  moving  grains  of 
sand,  wbile  in  a  sluggish  current  the  corpuscles  form  long,  dark  red 
cylinders,  separated  from  each  other  by  clear  spaces  occupied  by  plasma. 
The  ends  of  the  cylinders  present  a  sharply  indented  boundary  line  like  the 
fractured  end  of  a  cast  iron  bar  (Reimer).  A  similar  Separation  of  the 
corpusdes  from  the  plasma  is  seen  in  the  vessels  of  enucleated  eyes.  The 
granulär  current  appears  first  in  the  veins,  where  tbe  blood  stream  is 
slower  than  in  the  arteries.  If  a  granulär  current  appears  in  an  artery, 
wbile  tbe  corresponding  vein  presents  an  unbroken  blood  column,  the 
vein  receives  blood  from  areas  additional  to  that  supplied  by  the  artery. 
Cessation  or  reversal  of  a  blood  current  in  a  vessel  may  be  due  to  inter- 
mittent  blood  supply  or,  according  to  Elschnig,  to  influx  of  venous  blood 
from  a  region  of  higher  arterial  pressure.  The  amount  of  fresh  blood 
supplied  by  a  granulär  current  must  be  insignificant.  In  one  of  my  own 
cases  (Stergm.  43)  it  barely  sufficed  to  preserve  light  perception,  although, 
as  shown  by  Raehlman  in  a  case  of  extreme  arteriosclerosis  of  the  retinal 
vessels,  only  a  small  quantity  of  blood  is  required  to  maintain  the  function 
of  the  retina. 

Hemorrhage.  In  closure  of  the  central  artery  extravasations  of 
blood  are  few  and  insignificant.  In  ISS  cases  of  trunk  closure  coUected  by 
Fischer,  hemorrhage  occurred  in  47.  The  extravasations  are  featbery  in 
type  and  usually  appear  in  the  areas  of  capillary  anastomoses  around  the 
disc  and  macula  when  the  circulation  is  first  restored.     Haab  says  that  if 

•Hirschberg,  Noycs.  Alexander,  Hasse,  Pcrles  and  others. 
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the  vettelt  are  hyperdistended,  hieeding  occurs,  but  it  is  unconunon  wb 
the  vc»kU  are  Incomplctely  rcfilled.  These  obscrvations  apply  to  sec- 
ondary  hemorrhagcs  which  usually  appear  in  from  two  to  twclvc  days  after 
arterial  dosure  and  are  coincident  with  refilling  of  the  retinal  vcsscls. 

Thu8  far,  rn  this  discussion.  it  has  bccn  assumed  that  acute  retinal 
itchaemia  (white  infarction)  always  follows  closure  of  the  central  artery. 
While  this  is  truc  for  the  great  majority  of  cases,  it  is  possible  that  under 
certain  conditions  obstruction  In  the  central  artery  may  bc  followed  by  th« 
picture  of  hcmorrhagic  rctinitis  (thrombosis).  I  Itnow  of  no  case  in  which 
hemorrhagic  retinitis  has  becn  precedcd  by  the  ophthahnoscopic  picture  of 
central  artery  closure;  therefore,  if  hemorrhagic  retinitis  is  evcr  caused 
by  obstruction  in  the  central  artery,  the  bleeding  occurs  at  the  onset  of  the 
attaclc;  in  other  words,  it  is  a  case  of  hemorrhagic  Infarction.  That  such 
an  event  ever  occurs  is  doubted  by  Michel,  Haab,  Coats  and  Harms. 
Coats  tnd  Harms  accord  In  the  Statement  that,  In  every  case  presenting 
the  appearance  of  retinal  thrf'^bosis,  the  central  vein  will  be  found  ob- 
structed  if  it  is  propcrly  ex  '  iiin  oscopically  throughout  Its  entire 

courie.    Neverthclcss,  ccrtaln  l-j;  icularly  one  by  Reimer,  appear  to 

prove  that,  undcr  certain  cor  morrhagic  retinitis  Is  duc  to  ob- 

ttruction  in  the  central  arterv.     m  g  the  possibility  of  such  an  event, 

writera  appear  to  bc  unfan  experlments  of  Wm.  H.  Welch, 

who  conclusively  provcd  tna  er  ilnal  circulation,  hemorrhagic  in- 

farction invariably  occurs  Wnen  the  trunk  artery  is  parlially  obslnicled 
and  the  blood  pressure  on  the  distal  slde  In  front  of  the  obstruction,  falls  to 
Vi  OT  Ml  of  normal.  If,  however,  the  artery  Is  suddenly  and  completely 
closed,  there  is  no  bleeding  (Stcrgm.  42).  It  must  be  remembered  that 
very  few  cases  of  eithcr  central  artery  or  central  vein  closure  have  becn 
microscopically  cxamlned  by  compctent  pathologists;  therefore,  the  foUow- 
ing  »uthoritatii'c  examlnation  by  Reimer  is  alniosc  conclusive. 

The  ophthahnoscopic  picture  of  narrowed  arterles.  tortuous  veins  and 
extensive  hemorriiage  led  to  the  cllnical  diagnosls  of  thrombosis  of  the 
central  vein.  filaucoma  developed  and  the  eye  was  enucleated.  Trans- 
verse serial  sections  were  made  of  the  posterior  part  of  the  globe  and 
5  mm.  of  the  optlc  nerve,  and  every  section  was  examlncd.  The  lumen  of 
the  central  artery  was  .ilmost  completely  blocked  by  cndarterltls  proliferans. 
The  walls  of  the  central  vein  were  thickcned  but  Its  lumen  was  free, 

I  am  furthcr  strengthcned  In  niy  conviction  that  arterial  obstruction 
may  produce  destructive  retinal  hemnrrhage  by  the  following  case  :* 

•From  the  «rvice  of  Dr.  Frtuicis  Valk,  N.  Y.  Post  Griduat«  Hospital. 


Fig.  T9 — ^Granular  Body  of  utiknown 
iiriRin.  contaiiiing  Nuflear-like  Spots,  in 
liie    Inner    Retinal    Layers    in    Albumin- 


Kig.  HO— Sclerotic  Changes  in  tlie  Chu- 
roidal  Vessels  in  Syphilis,  without 
marked   changes    m   the    Retina. 


[■"ig.    81^ — Cloaure,    nearly    complet 
(if  the   Central   Artery  by  Endarteriti 
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to  m§mY  o^Miälmologittt  "  cmboliun  "  ittD  i 

t'ion  in  dir  tcAtril  artery.  Tbc  diief  poüit  of  v.  Grmefr*s  <*™""i  i^  smdt, 

tlut  thtr  ilinuHl  iHcturr  it  produced  by  dovnr  af  die  4 

rctini,  w«i  udniiiud,  but  doubti  verc  i 

luturr  ot  ihc  ol»tru(tion  in  sll  cuei.    Hut  theac  danAa  i 

liHa  •iiic«:  hrcn  iJrmQnitrstcd  by  niirri»c<fHc  t 

thit  dijkiiti-  u»uiitly  >t  UUK()  by  »onir  proccM  odier  dmi  eaAaCnL    Ai 

che  preitt^M  tiiiic  nearly  ill  authorltxtive  writcrs*  comider  tiut  in  «£  cua 

ko  far  rt'|Nfr(4'it  ai  t-nibolic  tbc  diagnoits  '■»  doubtful.      Whi]c  it  u  tnc 

ihat  mi  (iitlijiliiiK  |)lug  h«i  bccn  found  in  mviy  centrxJ  a,rTerie&,  tfaf  dr- 

duitioii«  flu  leii'iiit  iiiuit  bc  Hcceptcd  with  rcscnc  iiusmuri]  as  oddy  d 

debatabi'    i^itü  Min-  eiimincd  i  year  —  more  after  clouirc.  st  «ttdl 

timc  it  i»  (jil)iiiilt,  il  nijl  impuidble,  in 

calcarcout  jiluij  wat  coiiv«yed  frotn  i 

grett  pr<J)lrrii  bciriK  tu  leparate  ihc  i» 

the  priniury.     Shibu   r«pur(i  thit  K> 


central  aru-ry  und  L-buroidal  vcatcli 
fin  into  ilic  carotidi.  Such  e 
tiHue  chaiit{c«  following  artei 
probability  »f  an  rmbolua  blo 

Anniomical  obatuclea  to  tbi. 
circulatiiin  into  the  retinal  vmbc 
Ophthalmie  artery  frum  the  car 
the  Ophthalmie.     WhJlc  it  may  bc  i 


lermine  vhexber  a  Abnaooi  « 
uicc  DT  de^'cloped  im  loro.  tte 
jary  histological  changcs  htm. 
doccd  embolic  dosurv  ai  tfe 
rcting  a  quantiry  ot  soft  panf- 
ire  uteful  to  demonscrace  tfae 
,  but  provc  nothtng  as  to  tfcr 
ntral  artery  in  man. 
f  an  cmbolut  frotn  tlie  gesteral 
rertangular  Separation  of  the 
ho  of  the  retinal  arrery  frooi 
blc  that  an  cmbolus  would  rra- 


verie  this  routtr,  !r  is  by  iin  mcan«  impoggible.  A  more  con\incing  ar^u- 
ment  againsr  the  cmboIic  thcory  ii  founded  upon  certain  cÜnical  featur« 
of  the  disnrder,  such  :i8  prodromnta;  rccurrcnt  attacks;  occasional  involve- 
ment  of  boiii  cycs,  nr  nf  both  central  vcsscis  in  the  same  eye;  recovery  of 
onc  eye  hut  not  of  irs  fellow;  frequent  incomplctencss  of  the  obstniction 
and  in  all  c:isfs  rc-csrablishmcnr  of  the  circulation,  a!I  of  which  are  incon- 
sistent  wi(li  the  prescnce  of  an  cmbolus  in  a  terminal  artery.  Of  thcse 
objections,  disciissinu  has  mostly  ccntcred  around  that  of  rcstored  circu- 
lation, and  many  ingenious  theories  have  been  advanced  to  explain  re- 


•Haah,  Hamig,  Hir«rJibrrg.  Raehlman.  Miclirl.  Wilbrand,  Reimer  and  others. 
Harms  would  m>i  diaRnoiiirale  rttibolisni  unle««:  (ll  Tlie  closure  occorred  front  de- 
pogit  of  a  liocly  in  the  lunten  of  a  vcswel.  wbich  bcfore  the  obstruction,  was  evcry- 
where  frte,  ar.d  primary  dlstra'ie  of  (he  vesiel  walls  could  absolutely  be  exciuded; 
(8)  The  source  of  the  eniholii*  is  foniid  eiiher  in  valvulär  disease  of  the  heart  or 
other  condiiion  which  kads  t'>  ihrombui  formatlon;  (3)  The  Symptoms  indicatinR 
thrombotic  closure  are  not  preaent. 
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fiUing  of  the  retinal  vessels  a  few  hours  or  days  after  the  central  artery 
has  been  ocduded  by  an  embolus.  The  theory  of  collateral  circulation  which 
has  persistently  been  invoked  for  this  purpose,  rests  on  the  following 
anatomic  basis.  The  arterial  circle  of  Zinn  which  surrounds  the  head  of 
the  optic  nerve,  sends  branches  to  both  choroid  and  retina,  thus  establish- 
ing  communication  between  these  otherwise  independent  vascular  Systems. 
Unfortunately,  however,  these  coUaterals  are  little  more  than  capillaries 
engaged  in  local  nutrition  and  are  whoUy  incapable  of  suddenly  responding 
to  the  demand  of  an  ischemic  retina  for  sufEcient  blood  to  preserve  its 
vitality.  Nettleship  has  pointed  out  that  the  location  of  a  plug  in  the 
central  artery  modifies  the  amount  of  blood  f  rom  these  coUaterals.  Thus, 
if  the  artery  is  closed  on  the  distal  side  of  the  lamina  cribrosa  the  vessels 
from  Zinnas  circle  will  be  blocked.  On  the  other  band,  if  the  obstruction 
is  situated  behind  the  lamina,  these  vessels  will  have  füll  play.  This 
explains  certain  cases  in  which,  although  the  artery  is  closed,  the  disc 
retains  its  rosy  hue  until  the  atrophic  stage. 

Nettleship  and  Gonin  have  each  reported  cases  in  which  a  collateral 
circulation  was  ophthalmoscopically  visible  between  small  vessels  from 
the  optic  disc  and  an  obstructed  retinal  artery.  The  following  similar 
case  is  the  only  instance  I  ever  saw  of  this  phenomenon. 

Stereogram  43.*  Closure  of  Central  Retinal  Artery  with 
Visible  Collateral  Circulation.  Left  eyeground  of  a  woman,  47 
years  of  age,  with  chronic  interstitial  nephritis.  The  right  eye  pre- 
sents  a  typical  ophthalmoscopic  picture  of  albuminuric  retinitis.  She  has 
experienced  occasional,  transitory  obscurations  of  vision  in  the  left  eye. 
Five  hours  before  Coming  under  Observation  this  eye  suddenly  became  blind. 
Vision  reduced  to  perception  of  light.  The  ophthalmoscopic  picture  is  char- 
acteristic  of  recent  ocdusion  of  the  central  artery. 

A  typical  foveal  spot  is  situated  in  the  center  of  a  discoid  area  of 
opaque  retina.  The  optic  nerve  is  well  outlined  but  surrounded  by  ex- 
tremely  delicate  radii,  evidently  an  early  stage  of  opacity.  Elsewhere, 
the  retina  has  a  grey,  lifeless  appearance.  A  few  prominent,  white  dots, 
scattered  about  the  macular  region,  are  regarded  as  products  of  retinal 
degeneration  due  to  the  nephritis.  The  visible  arteries  are  highly  sclerosed 
and  appear  as  white  cords,  with  the  exceptlon  of  the  supratemporal  branch, 
which  contains  a  sluggish  granulär  current.  The  corresponding  vein  also 
exhibits  a  granulär  current,  but  less  broken  than  in  the  artery.  All 
veins  appear  to  diminish  in  size  as  they  approach  the  disc.     The  blood 

*Case  was  treated  by  Dr.  S.  M.  Payne,  at  the  Manhattan  Eye  and  Ear  Hospital. 
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nsibly  circuUting  in  the  supratemporni  artery  is  supplled  by  a  plexus 
of  small  vessels,  situated  on  and  aroLtnd  the  margln  oi  the  optic  disc. 
The  communication  betwcen  artery  and  collaterats  is  plainly  seen.  On 
the  disc  the  artery  is  white  and  contains  no  visible  blood  until  joined 
by  the  newly-developed  vessels,  at  which  point  the  granulär  current  com- 
mences.  Pressure  on  the  globe  faiied  to  produce  pulsation  but  checkcd 
the  cifculation.  Two  days  later  circulation  was  re-established  throughout 
the  retina.  The  granulär  current.  collatcral  vessels  and  macular  spot  had 
all  disappeared,  Those  vessels  which,  during  the  period  of  closure,  ap- 
peared  like  white  cords,  now  exhibited  white  bordered  blood  columns. 
Thcre  can  be  little  doubt  that,  In  this  case,  the  collateral  vessels  came 
from  the  circle  of  Zinn  or  from  the  disc  plexus.  The  obstruction  in  the 
central  artery  of  the  left  eye  was  regarded  as  cndarteritis  obliterans  which 
had  greatly  narrowed  and  occasionally  closed  the  lumen.  The  gradual 
advance  of  such  a  process  combined  witl  occasional  interruptlons  of  the 
circulation,  would  favor  a  high  dev«  nent  of  the  collateral  vessels. 
That  the  collaterals  were  visible  e  been  due  to  unusual  size  or, 

as  Gonin  surmlsed  in  bis  i  ore  superficial  than  usuat.    The 

subsequent  rcstoration  c  ighout  the  retina  cannot  bc  at- 

tributed  to  the  collater  Ithough  remarkably  developed 

could  furnish  only  an  in^.  of  blood  for  a  Single  arteria! 

branch.     The  collateral  v^  le  disc  may,  in  time,  undergo 

considerable  enlargement  ap  sufficiently  to  restore  circu- 

lation in  the  retina,  as  shown  oy  ttie  tou.se  of  events  when  both  retinal 
and  choroidal  supplies  are  severed  in  opticociliary  neurectomy.  In  these 
case»  the  blood  enters  the  chorold  through  recurrent  branches  of  the  an- 
terior ciliary  arteries  and,  possibly,  through  the  vena  vorticoss.  The 
ncw  vessels  which  then  form  around  the  nerve  head  represent  granulation 
tissue  which  soon  cicatrizcs  and  obliterates  all  vessels  on  and  around  the 
disc.  In  closure  of  the  central  artery  circulation  usualty  is  restored  through. 
the  regulär  Channels.  Schlodtmann  reportcd  a  case  in  which  the  optic  nerve 
and  a  nerve  tumor  were  removed,  and  on  the  evening  of  the  same  day 
the  retinal  vessels  were  filled  with  Wood.  I  have  seen  a  somewhat  similar 
case.  Of  course,  in  these  cases,  collateral  circulation  was  established 
through  new  formed  vessels  before  the  tumor  was  removed.  Coats 
suggests  that  circulation  may  be  re-establishcd  by  enlargement  of  the  vasa 
vasorum.  .^dmltting  that  such  collateral  circulation  may  be  established, 
the  interval  between  Suspension  and  restoration  of  circulation  in  central 
artery  closure  is  too  short  for  such  a  System  to  develop.    In  the  case  of 
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central  artery  dosure  described  on  page  1 13,  there  was  marked  congestion 
of  the  choroid  on  the  temporal  side,  most  pronounced  behind  the  macula 
(Figs«  82-83).  The  engorgement  was  purely  passive.  Is  it  possible 
that  this  local  hyperemia  was  an  attempt  on  the  part  of  the  choroid  to 
supply  nutriment  to  a  starving  retina.* 

A  variety  of  explanations,  other  than  collateral  drculation,  have 
been  advanced  to  account  for  the  prompt  retum  of  circulation  after 
embolic  dosure  of  the  central  artery.  Schneller  suggested  an  embolus  in 
the  Ophthalmie  artery  which,  after  temporarily  dosing  the  mouth  of  the 
retinal  artery,  passed  onward,  permitting  the  blood  again  to  enter  the 
retina.  Mauthner  advanced  a  similar  theory.  Such  an  occurrence  would 
be  a  pathologic  curiosity,  whereas,  something  more  generally  applicable 
is  required.  There  is  a  theory  of  incomplete  embolism,  due  to  irregulär 
shape  of  the  plug  which  permits  blood  to  leak  past  its  edges.  Thus, 
Elschnig  describes  how  an  incomplete  embolus  grazed  the  arterlal  walls 
and  provoked  a  spasm  suffidently  strong  to  grasp  and  hold  the  foreign 
body  until  it  adhered  to  the  vessel.  When  the  spasm  relaxed  and  the 
artery  dilated,  the  embolus  remained  attached  to  one  side  only,  leaving 
an  opening  for  the  passage  of  blood  Such  theories  are  very  properly 
rejected  by  most  investigators.f  It  is  evident  that  an  embolus  will  be 
driven  onward  until  wedged  into  the  walls  of  the  vessel,  where  any  re- 
maining  aperture  would  quickly  be  dosed  by  swelling  of  the  intima  or  for- 
mation  of  a  thrombus.  The  objections  stated  apply  also  to  Wagenman*s 
Suggestion  that  the  plug  may  be  reduced  in  size  by  inherent  shrinking  or 
compression  from  contraction  of  the  arterial  walls.  This  idea  ignores  the 
process  of  Organization  and  union  with  the  walls  of  the  vessel  which  occurs 
in  embolism  and  thrombosis.  Fragmentation  and  distribution  of  the  em- 
bolus among  the  smaller  branches  of  the  artery,  as  suggested  by  Fischer, 
is  an  unusual  event  in  embolism  and,  as  pointed  out  by  Hirschberg,  the 
presence  of  such  fragments  should  produce  some  effect,  ophthalmoscopic 
evidence  of  which  is  entirely  lacking.  Canalization  of  a  soft  thrombus  or 
embolus  would  permit  the  passage  of  blood.  Although  this  process  has 
been  observed  in  a  vein,  it  has  not  as  yet  been  demonstrated  in  an  artery. 
Furthermore,    as    remarked    by    Reimer,    canalization    requires    time. 

♦Littlc  is  known  of  the  mechanism  of  collateral  circulation  beyond  the  fact  that 
ischemic  tissue  has  the  power  of  dilating  any  vessel  that  can  nourish  it.  If  it  be 
demonstrated  that  choroidal  vessels  habitually  dilate  in  closure  of  the  central  artery, 
the  Impulse  to  dilation  may  arise  in  the  supportin^  framework  of  the  retina  which 
is  common  to  all  layers,  and  is  nourished  by  the  choroid.  This  tissue  does  not  die 
in  closure  of  the  central  artery. 

tLeber,  Sachs,  Reimer,  Cc^ts. 
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Elschnlg's  vicw  that  an  embolus  may  be  absorbcd,  Icaving  no  trace  of  its 
existcnce,  is  unsupportcd  by  pathologlcal  evidcncc. 

It  would  appear  that  each  case  reported  as  embolism  of  the  central 
artery  requires  thc  existence  of  some  unusual  or  improbable  event  to  support 
the  diagnosis.  Nevertheless,  the  possibility  that  an  embolus  may  lodge  in 
this  vessel,  as  well  as  the  inherent  difGculties  attending  its  demonstration, 
must  be  admitted.  While  the  clinical  aspects  of  a  case  cannot  be  regarded 
as  of  much  value  in  differentiating  embolism  from  other  conditlons,  it  may 
bc  wel!  briefly  to  recall  a  Historie  case.  Under  thc  now  discarded  term  of 
"  Infiltration  of  the  retina,"  v.  Grai ' 
scopic  picture  since  interpref'-d  as  " 
that  the  fundus  picture  was  i 

recent  bÜndness."    Thc  opti(  % 

remaincd  perfectly  transpai  »■ 

end  of  three  wecks,  retinal 
far  dcveloped  as  to  brinf 
microscopic  ezamination  ar 
ical  coagulum  at  the  lamir 
is  the  long  delayed  appe 
Schwelggcr  considers  to  be 
the  carly  appcaring  opacity 
as  an  Infiltration  of  the  retma  pro — ^ 
current  from  endarteritis. 

In  some  cases  the  artery  is  closed  by  a  chalky  concrement  which  may 
be  an  embolus  or,  what  is  more  probable,  either  a  thrombus  or  mass  of 
endarteritic  prolifcration  which  has  undergone  calcareous  degeneratlon. 
In  a  case  reported  by  Coats,  the  eye  waa  enudeated  for  glaucoma  three 
years  after  dosure  of  the  central  artery.  The  artery  was  Uocked  irithin 
the  lamina  by  a  calcareous  mass  which  had  no  connection  wtth  the  walla 
of  the  vessel.  The  plug  was  considered  to  be  an  embolus,  a  source  for 
which  was  found  in  calcareous  deposits  on  the  aortic  valvet.  In  a  case  by 
Manz,  thc  patient  died  sixteen  days  after  dosure.  On  microscopic  ex- 
amtnation  a  structureless  mass,  possessing  the  sttining  qualities  of  cal- 
careous matter  and  not  connected  with  the  walls  of  the  vessel,  was  found 
in  the  central  artery  at  its  bifurcation.  In  these  cases  it  was  assumed 
that  the  walls  of  the  artcries  were  too  much  degencrated  for  the  foreign 
body  to  excite  tissue  proli feration.  In  considering  these  cases  it  should  be 
bome  in  mind  that  manipulations  incident  to  enudeation  or  preparation 

•See  Schweigger,  Arch.  of  Oph.  v,  XXX,  1901,  p.  606. 


familiär  with  the  ophthalmo- 
n";*  yet  he  said  of  bis  case 
cver  Seen  before  in  a  case  of 

time  obscured  and  the  retina 
;ks  after  the  attack.     At  thc 

to  the  temporat  side  had  so 
spot.  Schweigger  made  the 
■al  artery  blocked  by  a  spher- 
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'.  opacity,  a  condition  which 
f  embolism.  He  looks  upon 
■ed  after  closure  of  the  artery 
gradual  slowing  of  the  blood 
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of  a  microscopic  slide,  frequently  displace  calcareous  masses  and  this 
sometimes  renders  it  difEcult  to  determine  their  actual  location  during 
lifc* 

A  source  for  the  embolus  is  seldom  found.  Kern  analyzed  95  cases 
presenting  the  dinical  features  of  embolism  of  the  central  artery  that  were 
subjected  to  autopsy.  In  66.3%  no  possible  source  for  an  embolus  could 
be  discovered,  but  a  diseased  condition  of  the  peripheral  vessels  existed  in 
many  of  the  cases. t  Even  when  heart  lesions  are  found  it  does  not  Warrant 
the  diagnosis  of  embolism,  inasmuch  as  heart  disease  and  vascular  changes 
usually  coexist.  Some  authors,  while  admitting  that  embolism  has  been 
demonstrated,  regard  it  as  an  exceptional  event.  Thus,  Coats  and  Parsons 
see  no  reason  to  doubt  that  embolism  occurred  in  the  cases  of  v.  Graefe, 
Manz,  Marple  and  Coats,  while  Schweigger  regards  the  case  of  v.  Graefe 
as  the  only  authentic,  recorded  case.  The  majority  of  authorities,  how- 
ever,  await  the  conclusive  demonstration  of  an  embolus  in  the  central  artery 
of  the  retina. 

Usually,  an  embolus  is  a  detached  piece  of  thrombus.  Occasionally  it 
consists  of  fluid,  fat  or  gas.|  Theoretically,  any  of  these  latter  could  enter 
the  retina,  but  no  such  cases  have  been  demonstrated«  Schapringer  ad- 
vanced  the  view  that  embolism  occurring  after  a  paroxysm  of  coughing, 
as  in  pertussis  or  after  gastric  hemorrhagc,  was  due  to  entrance  of  gas 
(air)  into  ruptured  arteries,  and  he  recommended  that  the  patient  be 
subjected  to  high  atmospheric  pressure  in  a  pneumatic  cabinet  as  is  done 
in  Caisson  disease.  As  is  well  known,  incurable  blindness  may  f  oUow  hemor- 
rhage  from  the  stomach,  bowels  or  uterus,  and,  evidently,  is  not  altogether 
dependent  upon  the  amount  of  blood  lost.  Gas  embolism  offers  a  satis- 
factory  explanation  of  such  cases. 

Angiospasm.  When  used  in  this  connection,  the  term  spasm  should 
be  restricted  to  a  primary  contraction  of  the  walls  of  a  blood  vessel  suf- 
ficiently  powerful  to  arrest  the  circulation,  the  impulse  being  imparted 
through  the  vasoconstrictor  nerves  in  response  to  a  local  or  rcmote  Ir- 
ritation. The  term  should  not  be  applied  to  the  elastic  contractility  by 
which  the  walls  of  a  vessel  are  passively  adapted  to  a  diminished  blood 

*It  is  conceivable  that  a  calcareous  tnass  may  separate  from  the  walls  of  the 
central  artery  and  change  its  Position  so  as  to  close  the  lumen.  This  would  consti- 
tute  embolism. 

tin  63  of  these  cases.  24  had  arteriosclerosis,  5  had  chronic  nephritis  and  A  had 
Syphilis. 

tFat.  unless  in  excessive  quantity.  is  readily  dissolved  in  the  blood.  Wm.  H. 
Welch  believes  that,  in  the  living  body,  gas  may  be  generated  in  the  blood  by  the 
bacillus  areogenes  capsulaiis. 
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column.  The  walls  of  arteries  contain  smooth  muscle  fibers  which  are  in- 
nervated  by  vasoconstrictor  and  vasodilator  nerves.  In  addition,  nervcs 
pass  from  the  periphery  to  the  vasomotor  centers  which  convcy  centripetal 
impulses  capable  of  producing  the  phenomena  of  reflex  Irritation.  In 
laboratory  experiments  the  vessels  of  a  part  can  be  emptied  or  distended 
by  stimulating  or  inhibiting  the  vasomotor  nerves.  On  these  grounds, 
neuropathology  recognizes  a  local  cerebral  anemia  due  to  arterial  spasm 
as  causative  for  certain  ailments,  such  as  transitory  attacks  of  aphasia, 
hemiplegia,  monoplegia,  hemianopsia,  numbness,  etc.  Among  ophthalmolo- 
gists,  spasm  was  long  accepted  as  a  frequent  cause  for  retinal  ischemia» 
particularly  for  transitory  attacks  which  subsided  without  permanent  injury 
to  vision.'*'  Recent  critical  analysis  of  such  cases  has  thrown  great  doubt 
upon  this  theory;  in  fact,  whenever  an  opportunity  has  occurred  to  make 
a  microscopic  examination,  some  form  of  actual  obstruction  has  been 
found,  a  condition  undoubtedly  true  for  nearly  all  cases  of  acute  retinal 
ischemia.  Occasionally,  however,  a  case  occurs  in  which  some  other  cause 
is  operative.  The  extreme  contraction  of  the  arteries  in  quinine  poisoning 
is  referred  to  as  an  example  of  pure  angiospasm,  but  recent  experiments  on 
animals  leave  little  doubt  that  the  contraction  is  chiefly  passive  and  results 
from  enormous  dilatation  of  the  great  splanchnic  vessels,  whereby  blood 
is  withdrawn  from  the  peripheral  areast  (Parsons).  When  blood  is 
diverted  from  the  retina  in  this  manner,  the  ischemia  is  further  increased 
by  intraocular  pressure  and  passive  elastic  contraction  of  the  arteries. 
These  observations  are  important  as  indicating  that  retinal  anemia  may 
be  produced  also  in  man  independently  of  any  obstruction  in  the  central 
artery  from  excessive  accumulation  of  blood  in  the  great  abdominal  reser- 
voirs.  Probably,  tRe  retinal  ischemia  of  syncope  is  produced  in  this  man- 
ner. A  case  in  point  was  reported  by  Valaude.  A  man  36  years  of  age 
reccived  a  blow  over  the  heart  which  rendered  him  unconscious  for  scveral 
hours.  He  prcsented  the  ophthalmoscopic  picture  of  bilateral  ischemia  of 
the  retina.  Retinal  circulation  was  not  fully  restored  and  atrophy  foUowed. 
Hirschberg  first  describcd  cases  in  which,  aftcr  contusion  of  the  bulb, 
blindness  of  several  minutes  duration  ensued  accompanied  by  anemia  of 


*Tn   Ole   Bull's   "Krankheiten   der   Retinalgefässe."   Cramp   of   the   arteries   is   the 
dominant  pathologic  factor  throughout  the  book. 

tVascular  degenerations  and  thrombus  formation  Iiave  been  reported  as  present 
in  the  central  artery  in  experimental  quinine  poisoning  (Emil  Bchse),  De  Schweinitz 
confirmed  these  observations  but  on  re-investigation  of  his  sections  he  agreed  with 
Holden,  that  no  tnse  endovasculitis  or  thrombus  formation  ever  occurs  in  quinine 
poisoning. 
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the  retina.  Pearse  has  reported  such  a  case  following  contusion  of  thc 
coraea.  Presumably,  there  was  physical  shock  with  suddcn  fall  of  blood 
pressure,  which  is  an  important  factor  in  causing  peripheral  anemia.* 
It  is  generally  conceded  that,  in  traumatic  edema  of  the  retina  (Commotio 
retinae)  concussion  is  foUowed  by  retinal  angiospasm  and  ischemia  which 
soon  is  succeeded  by  vascular  dilation  and  transudation  of  serum 
(Stergm.  59).  Faravelli  teils  of  a  healthy  man  who  suSered  attacks  of 
phosphenes  foUowed  by  temporary  loss  of  vision,  first  in  one  eye,  later 
in  both.  During  the  seizures  the  arteries  were  reduced  to  threads,  while 
the  veins  pulsated.  After  removing  a  tapeworm,  minus  the  head,  the  at- 
tacks ceased  for  two  months  but  retumed  when  sections  of  the  worm 
reappeared  in  the  feces.  A  complete  and  permanent  eure  foUowed  re- 
moval  of  both  worm  and  head.  Quaglino  describes  the  case  of  a  literary 
man  who  had  transitory  attacks  of  blindness  attended  by  sensations  of 
light  whenever  the  meal  time  was  delayed.  In  the  two  latter  cases  an 
abdominal  center  of  irritation  existed,  which  suggests  inhibition  of  the 
splanchnic  nerves  with  consequent  fall  of  blood  pressure.  Ramorino  re- 
ported two  cases  of  malarial  fever  in  which,  during  the  paroxysm,  blind- 
ness attended  by  sensations  of  light  occurred.  The  arteries  appeared 
filliform  and  the  veins  were  barely  perceptible.  In  the  intervals  between  the 
attacks  the  fundus  appeared  normal.  The  cases  were  cured  by  quinine. 
Schnabel  describes  contraction  of  the  retinal  arteries  and  dilation  of  thc 
veins  during  malarial  chill.  In  malarial  seizure,  the  accumulation  of  blood 
in  the  abdominal  viscera  suffices  to  explain  coincident  retinal  anemia. 

For  23  years  I  had  under  Observation  a  patient  who  had  occasional 
attacks  of  temporary  blindness,  during  which  the  retinal  vessels  were  re- 
duced to  threads.  The  first  attack  foUowed  an  almost  fatal  hemorrhage 
from  placenta  previa.  At  first,  both  eyes  were  affected,  but  during  the 
last  ten  years  of  life  attacks  were  confined  mostly  to  the  left  eye.  During 
the  last  five  years  of  life  arteriosderotic  changes  appeared  in  the  left  retina. 
Death  resulted  from  Grave's  disease.  With  the  ophthalmoscope,  I  fre- 
quently  watched  refilling  of  the  retinal  vessels.  The  first  attack  evidently 
resulted  from  exsanguination.  The  cause  of  subsequent  attacks  is  a  subject 
for  speculation. 

Cases  of  retinal  vascular  spasm  have  been  attributed  to  megrim. 


*Syncope  need  not.  as  mieht  bc  supposed.  occur  in  such  cases,  inasmuch  as 
diminishcd  blood  pressure  is  feit  in  the  eye  sooner  than  in  the  cranial  cavity,  owing 
to  intraocular  pressure,  which  is  20-30  mm.  hsr.,  as  compared  with  10  mm.  h«.  in  the 
cranial  veins.    (Hall,  experiments  on  dogs.) 
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Parisotti  describes  attacks  of  ophthalmo-megrim  during  which  there  was 
contraction  of  the  arteries  in  thc  uppcr  half  of  tbc  fuodus  wtth  bUndncss 
of  the  correspmnding  fidd.  Siegnst  found,  during  an  attack  of  hemicrania, 
extreme  retinal  ischemia  on  the  affected  side.  It  may  bc  remarked  that 
glaucoma  frequently  is  mistaken  for  megrim,  and  its  presence  should 
positively  be  exciudcd  in  making  thc  diagnosis.  Olc  Bull  mistook  cause 
for  effect  when  he  said,  "  I  havc  severai  timcs  found  tension  increascd 
while  (retinal)  artenal  spasm  continued."  The  appcarance  of  peristaltic 
contractions  of  the  retinal  vessels,  described  by  Benson,  undoubtedly  was 


misinterpreted.     Such  spasmodlc  mo 
Cases  of  sudden  blindness,  prcsenti 
bolism,  have  followed  subcuta       l 
These  remarkable  cases  rci 
vessels  Is  said  to  immediat. 

Grcat  Impetus  was  gii 
Raynaud,  who  gave  his  i 
periodic  attacks  of  either  p; 
death  and  parasthesia  of  t 
nous.     He  attributed  the  * 
enthusiasm,  saw  isolated  s 
contracting.     Panas,  who  o, 
was  unable  to  see  spasm  or  .      :i 
lished  his  ophtha! moscopic  findings  as  facts. 
observations  remain  unconfirmed. 

Direct,  artificJat  irritatlon  of  an  artery  will  induce  suffident  spasmodlc 
contraction  of  the  walls  to  close  its  Iiimen;  thcrefore,  it  is  reasonable  to  be- 
lieve  that  the  irritating  effects  of  a  local  arteritis  might  also  cxdte  a  reflcx 
angiospasm.  Such  a  case  should  be  classed  as  one  of  arteriosderosis.  In 
view  of  the  uncertainty  as  to  the  occurrence  of  angiospasm  in  a  healthy 
retinal  artery,  supposed  spasmodic  cases  should  be  regarded  as  secondary 
to  vascular  degeneration  and  the  habits  of  the  patient  regulated  accordingly. 
Thbombosis,  Both  toxic  and  bland  thrombi  occur  in  the  central  artery. 
Toxic  thrombus  forms  in  acute  orbital  inflammation.  the  walls  of  thc 
artery  being  Invaded  by  bacteria.  Bland  thrombi  arc  due  to  combined 
general  and  local  causes.  General  causes  are  slowing  of  the  drculatlon 
and  changes  in  the  blood;  local  causes  are  sharp  bends  in  the  vessels, 


in  blood  vessels  is  unknown. 
hthalmoscopic  picture  of  em- 
n  of  paraffin  into  thc  nose. 
*  Narrowing  of  the  retinal 
lileptic  seizure.! 
PC  of  retinal  angiospasm  by 
of  Symptoms  consisting  of 
:dema,  a  feellng  of  impending 
ch  frequently  became  gangrc- 
n  of  the  arteries  and,  in  his 
'etinal  arteries  spasmodically 
y  examined  Raynaud's  cases, 
■y  disturbancc,  Raynaud  pub- 
It  is  needless  to  say  that  thesc 
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narrowing  or  dilation  of  the  lumen  and  changes  in  the  endothelial  lining. 
Wilbrand  and  Saenger  cite  cases  to  prove  that  thrombus  may  form  without 
coincident  arteritis,  but  Coats,  in  a  critical  analysis  of  the  same  cases, 
shows  that  such  an  cvent  does  not  occur.  A  thrombus  formed  in  another 
vessel  may  extend  into  a  normal  central  artery,  as  in  Siegrist's  case  where, 
following  ligature  of  the  carotid,  a  thrombus  spread  from  the  point  of 
ligature,  through  the  Ophthalmie,  into  the  retinal  artery.  Analogous  cases 
are  reported  by  Michel,  and  by  Rothmund  and  Eversbusch.  Such  cases  are 
unusual  and  have  little  bearing  on  the  question  as  to  the  frequency  with 
which  the  dinical  picture  of  central  artery  dosure  is  due  to  thrombosis. 
Reimer  regards  endarteritis  as  the  sole  factor  in  the  production  of  closure. 
He  argues  that  in  small  vessels  like  the  central  artery,  arteriosderosis 
takes  the  form  of  endarteritis  proliferans,  a  condition  in  which,  though 
the  lumen  be  narrowed,  the  endothelial  lining  remains  smooth  and  the 
blood  is  driven  past  the  obstruction  with  increased  velocity;  whereas, 
thrombus  formation  requires  a  slow  current  and  a  roughened  surface.* 
Thrombus  formation  in  an  artery  is  uncommon  and  usually  results  from 
an  ineffective  arteritis  in  the  course  of  an  acute  fever. 

Occasional  closure  of  the  central  artery  by  combined  wall  disease 
and  thrombosis  appears  to  be  established  by  microscopic  examinations. 
The  following  case  by  Harms  must  be  regarded  as  authentic. 

A  man  48  years  of  age,  with  hypertrophy  of  the  left  ventride,  suf- 
fered  sudden  disturbance  of  vision  in  the  left  eye.  After  three  days  the 
picture  of  macular  artery  closure  developed  with  central  scotoma.  About 
a  month  later,  rapid  obscuration  of  the  entire  field  occurred  and  24  hours 
later  the  eye  was  blind,  the  ophthalmoscope  showing  complete  closure  of 
the  central  artery.  The  eye  became  glaucomatous  and  was  enucleated. 
Microscopic  examination  revealed  sclerosis  of  the  central  artery  which 
was  plugged  at  the  lamina  by  a  well  organized  thrombus.  The  macular 
artery  and  one  other  branch  were  dosed  by  thrombi.f 

The  slow,  progressive  manner  in  which  dosure  took  place  in  this  case 
is  considered  characteristic  of  thrombosis. 

From  the  evidence  at  band,  thrombosis  must  be  regarded  as  the 

^Experiments  have  demonstrated  that  clotting  of  blood  is  accelerated  by  action  of 
a  substance  furnished  by  the  walls  of  the  vessels,  which  has  reccived  the  name  of  throm- 
bozym  or  thrombokinase.  It  remains  to  be  demonstrated  how  this  coagulating  action  is 
modified  by  mural  disease.  Zarhelli  concludes  that  thrombokinase  is  not  concerned  in 
thrombus  formation,  which  is  a  process  wholly  distinct  from  clotting.  (Bemheim;  Zarhelli; 
Weil;    Wolf;    Strong.) 

tit  is  always  difficult,  often  impossible,  microscopically  to  differentiate  an  organ- 
ized thrombus  in  the  central  artery  from  endarteritic  proliferation. 
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final  act  in  ocduding  the  central  artery  in  certain  cases  of  arteriosdcrosist 
although  it  is  f ar  less  f requent  than  would  be  inferred  from  English  and 
Frcnch  medical  litcrature. 

Arteriosclerosis  (Endarteritis  Proliferans).  In  the  prececUng 
pages  it  has  been  shown  that  arteriosclerosis  is  regarded  as  the  almost 
constant  causative  factor  in  dosure  of  the  central  artery.  Loring,  who 
first  advocated  this  theory,  published  in  1874  a  series  of  five  cases  pre- 
senting  the  ophthalmoscopic  picture  of  embolism,  each  of  which  manifested 
some  feature  which  he  regarded  as  inconsistent  with  the  presence  of  an  em- 
bolus  in  the  central  artery.* 

The  mechanism  by  which  endarteritis  is  supposed  to  dose  the  cen- 
tral artery  may  be  summarized  as  foUows.  At  some  point,  usually  the 
lamina  cribrosa,  progressive  proliferation  of  the  intima  diminishes  the 
lumen  more  and  more  until  only  a  narrow  opening  remains.  So  long  as 
the  blood  pressure  exceeds  the  elastic  contractile  power  of  the  artery,  the 
blood  will  continue  to  flow  past  the  obstruction ;  but  should  the  blood  pres- 
sure sink  sufiiciently  from  any  cause,  such  as  syncope,  hemorrhage,  de- 
termination  of  blood  to  other  parts,  sleep,  etc.,  or  if  the  opening  is  dosed 
from  swelling  or  spasmodic  contraction  of  the  walls,  the  heart  no  longer 

♦The  conccption  that  closurc  of  the  central  artery  might  be  due  to  vascular  disease 
has,  wrcngly,  been  credited  to  Mauthner.  Mauthner  advanced  no  new  theory  to  explain 
closure;  he  simply  doubted  that  it  was  always  embolic.  He  says,  "In  the  majority 
of  cases  the  pathologic  appearances  may,  perhaps,  be  ascribed  to  other  affections  as  yet 
unknewn/'  In  a  transitory  case  he  suRßrested  that  return  of  circulation  might  be  due 
to  fragmentation  and  distribution  of  an  embolus.  Med,  Jahrb,  d.  Wiener  Aerete,  1873, 
S.  195:    199. 

Loring's  important  paper  embodied  all  the  arguments  employed  by  opponents 
of  embolism.  The  historic  interest  in  Lorinjjr's  paper  consists  in  the  etiologic  factors, 
other  than  embolism,  which  he  was  the  first  to  susrgest  as  satisfactorily  explaining 
the  Symptoms  presented  by  his  cases.  Heart  failure  was  ascribed  as  a  cause  for 
prodromal  attacks  of  retinal  ischemia  which  passed  away  when  the  heart  recovered  its 
tone  and  circulation  was  restored.  In  one  case  he  suggested  the  presence  of  '*  some 
anatomically  different  condition  which  would  make  it  more  difficult  (in  this  case)  for 
the  heart  to  force  blood  into  the  left  eye  than  into  the  right ;  hence.  recurring  blind- 
ness  always  takes  place  in  the  left."  Of  another  case  he  said,  "  May  not  the  trouble 
have  been  caused  by  some  morbid  local  process  rather  than  by  importation  of  a  plug: 
Mißfht  not  thrombosis  occur  in  the  retinal  vessels  and  misrht  not  this  attack  be  the  first 
expression  of  a  Coming  and  more  general  trouble  in  the  minute  branches  of  the  cir- 
culatory  System  at  large  ? "  The  paper  conrludes  as  f ollows»  "  In  the  train  of  Symp- 
toms classed  under  the  title  of  embolism,  too  much  significance  has  been  laid  upon 
the  stoppage  of  the  circulation  by  importation  of  a  plug  formed  at  a  distance  from 
the  eye,  while  not  enough  stress  has  been  laid  upon  the  mechanical  actions  regulating 
the  supply  of  blood  within  the  eye,  as  well  as  upon  the  conditions  of  the  walls  of  tu 
vessels. 

There  is  nothing  ambiguous  in  this  language  of  Loring's  in  which  he  first  sys- 
tematically  presented  the  arguments  upon  which  he  with  Nettleship,  Noyes  and 
Priestly  Smith  founded  the  now  dominant  theory  of  a  vascular  origin  for  closure  of 
the  central  artery. 
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will  be  able  to  force  blood  through  the  stnctured  lumen,  and  the  phenoni- 
enon  which  has  bome  the  name  of  embolism  then  occurs.  After  a  time  the 
blood  pressure  rises  or  the  walls  of  the  artery  recede  and  circulation  is 
restored.  The  damage  to  the  retina  will  depend  upon  the  length  of  time 
the  blood  supply  was  interrupted,  which  may  have  been  minutes  or  days. 
This  theory  is  very  attractive  and  satisfactorily  explains  every  feature 
presented  by  the  great  majority  of  cases.  Endarteritis  may  cause  complete 
or  incomplete  failure  of  the  retinal  circulation  and,  furthermore,  permit 
the  blood  again  to  enter  the  retina.  By  accepting  this  disease  as  the  cause 
of  obstruction  in  the  central  artery  we  are  enabled  to  understand  the  prod- 
romal obscurations  of  vision,  incomplete  dosure,  sudden  return  of  cir- 
culation and  recovery  from  severe  attacks.  Successive  embolic  dosures 
of  one  artery  or  coincident  dosure  of  both  central  arteries  would  require 
voUeys  of  emboli,  but  there  is  nothing  unreasonable  in  the  assumption 
that  a  widely  disseminated  disease  like  arteriosderosis  may  attack  both 
central  arteries  or  that  periods  of  exacerbation  may  occur.  In  bilateral 
attacks  recovery  of  one  eye  and  continued  blindness  of  the  other  are 
ezplained  by  the  more  advanced  obliterative  process  in  the  blind  eye.  The 
supposed  transfer  of  an  embolus  from  a  trunk  artery  to  a  branch,  or 
from  one  point  to  another  in  the  same  artery,  is  explicable  on  the  as- 
sumption that  the  ophthalmoscopic  appearance  of  a  migratory  embolus 
was  produced  by  several  points  of  endarteritic  obstruction  at  which  the 
blood  column  was  temporarily  arrested. 

In  some  cases  microscopic  examination  has  failed  to  reveal  a  plug  in 
the  central  artery  although  the  ophthalmoscopic  picture  indicatcü  that 
this  vessel  was  closed.*  The  microscopic  evidence  of  endarteritis  as  the 
cause  of  dosure  does  not,  however,  depend  upon  failure  to  diicovrr 
an  embolus  in  the  artery,  but  upon  the  Interpretation  of  histological 
changes  found  in  an  actual  obstruction. 

Unusual  Causes.  Beal  reports  a  dosure  of  the  central  artery 
foUowing  violent  compression  of  the  neck  and  thorax  {iraumatir  as- 
phyxia,  p.  75).  At  first  there  was  total  blindness  but  cight  days  latcr 
the  patient  could  count  fingers.  The  fundus  presented  a  typical  picturc  of 
*'  embolism."    The  case  terminated  in  optic  atrophy. 

Neuberger  saw  retinal  ischemia  follow  a  puncturcd  woiind  of  the 
orbit.  Von  Michel  microscopically  examined  a  traumatic  case.  l*hc  eye 
was  injured  by  a  cane.     Profuse  subjunctival  hemorrhage  and  cxoph- 


♦Loring,  Popp,  Hirschberg,  MichH  zn<\  Uthoff. 
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thalmus  foüowed.  The  fundus  presented  the  characteristJc  picTure  of 
central  artery  clojure.  Six  weeks  later  the  patient  died  from  tetanus. 
Near  the  optic  foramen,  a  picce  of  wood  was  found  embcdded  in  fetid 
pus.  A  hyaline  thrombus  filled  the  lumen  of  the  central  artery  frora 
its  origin  at  the  Ophthalmie  to  its  bend  after  entering  the  nerve. 

It  has  been  suggested  that  the  central  artery  frequently  is  closed  by 
externa!  pressure  from  various  causes,  such  as  tumors,  swelÜng  of  re- 
trobulbär neuritis,  hemorrhage  into  the  nerve  or  nervc-shcaths,  etc.  In 
most  cases  such  pressure  would  Interrupt  circulatlon  in  the  flaccid  vein 
rather  than  in  the  rigtd  artery  and  the  result  would  be  stasis,  not  anemia. 
It  is  not  infrequent,  however,  for  the  vcin  to  leavc  the  nerve  shortly 
after  passing  out  of  the  eyeball,  the 
a  distance  of  several  mm.  In  such  i: 
the  nerve,  bchind  the  exit  of 


Srh„ 


i.aversing  the  nerve  alone  for 
*s  evident  that  pressure  upon 
act  only  on  the  artery.  Such 
case,  in  which  a  patient  with 
mc  blind  in  the  aßected  eye. 
tic  of  "  embollsm."  On  the 
ind  Vision  improved.     Seggeh 

suddenly  bccame  blind  from 
followed  from  pneumonia. 

the  nerve,  a  point  of  firm 
üorresponding  to  this  place,  a 
le  growth  was  diagnosticated 


a  condition  may  have  existed 
unilateral,  retrobulbär  neun 
The  fundu»  presented  the  ] 
evening  of  the  same  day  th* 
reported  the  case  of  a  soldi 
closure  of  the  central  art 
The  autopsy  showed,  on 
adhesion  between  the  nerve 
small,  firm  tumorwas  founi 
as  gliosarcoma. 

In  a  few  cases  blindness  wIth  the  ophthalmoscopic  appearance  of 
central  artery  occlusion  has  followed  blunt  force.  In  the  cases  of 
Nettleship  and  Oeller  it  resulted  from  a  blow  on  the  orbital  bones.  The 
probable  cause  was  compresslon  of  the  retinal  artery  near  the  Ophthalmie 
by  a  fractured  bone. 

Closure  of  the  central  artery  from  hemorrhage  into  the  nerve  sheaths 
or  into  the  substance  of  the  nerve  (Magnus)  is  unsupported  by  clinical  or 
microscopic  evidence. 

Anatomical  Characters.  In  the  optic  nerve,  the  wall  of  the 
central  retinal  artery  consists  of  three  coats,'  t.  e.,  adventitia,  media  and 
intima.  Of  these,  the  intima  is  of  the  greatest  pathologic  importance. 
The  adventitia  is  not  separable  from  the  connective  tissue  frameworfc  of 
the  nerve.  The  media  is  composed  of  fibrous  and  elastic  tiasue  containing 
a  few  musdc  fibers.  The  Intima  consists  of  three  layers,  (1)  a  single 
layer  of  endothelial  cells  lining  the  lumen;  (2)  a  layer  of  subendothelial 
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tissue;  (3)  a  homogeneous  elastic  membrane,  the  lamina  elastica  interna, 
also  called  crenated  membrane  because  it  falls  into  folds  when  the  artery 
is  empticd.*  Nearly  all  the  morbid  changes  in  the  central  artery  occur 
in  the  intima.  As  the  retinal  artery  cntcrs  the  eye  it  parts  with  its  sub- 
endothelial tissue  and  elastic  membrane.  The  latter,  however,  is  re- 
placed  by  elastic  fibers. 

Occlusion  of  the  central  artery  usually  occurs  within,  or  near,  the 
lamina  cribrosa.  Exceptionally,  closure  occurs  in  other  parts  of  its 
course.  In  a  case  by  Hirschberg  the  artery  was  closed  just  beyond  its 
origin  f  rom  the  Ophthalmie,  outside  the  dural  sheath.  In  Velhagen^s  case  a 
plug  was  found  at  the  point  where  the  artery  passed  through  the  dural 
sheath.  In  the  region  of  the  lamina  cribrosa  the  walls  of  the  retinal 
vessels  are  more  subject  to  disease  than  in  any  other  part  of  the  nerve 
or  retina.  The  reason  for  this  is  obscure,  although  it  is  probable  that  the 
anatomy  of  this  region  is  responsible.  As  the  central  vessels  pass  through 
the  lamina  they  are  somewhat  narrowedf  and  firmly  endosed  by  Con- 
densed connective  tissue.  This  constriction  at  the  terminal  end  of  the 
artery  acts  as  a  nozzle,  giving  added  impetus  to  the  blood  stream  just 
where  it  encounters  resistance  from  intraocular  pressure.  A  weak  heart 
may  be  unable  whoUy  to  overcome  this  resistance  and  thus  the  blood 
may  whirl  and  eddy  at  this  point,  a  condition  considered  as  sufficient  to 
establish  either  a  proliferative  process  or  thrombus  within  the  artery. 
Another  factor  is  the  abundance  of  perivascular  tissue  in  this  region, 
which,  like  connective  tissue  elsewhere,  frequently  becomes  the  seat  of 
chronic  inflammation.  Haab  has  suggested  that  the  movements  of  the 
eyeball,  by  dragging  on  the  optic  nerve,  may  provoke  irritation  where 
it  is  inserted  into  the  globe. 

An  embolus  excites  inflammation  in  the  walls  of  the  artery  both  in 
front  and  behind  its  point  of  impact   (Harms). 

Toxic  thrombi  usually  are  of  the  red  or  hyaloid  variety.J     It  is  the 


*The  name,  "elastic/'  which  is  applied  to  this  tissue  is  unfortunate  and  leads 
to  confusion.  especially  when  considerinR  the  blood  vessels  whose  elasticity  and 
contractility  arc  apt  to  be  attributed  to  the  action  of  elastic  tissue.  As  truly  stated 
by  Coats,  there  is  no  proof  that  this  tissue  is  elastic,  in  fact,  it  exhibits  no  elasticity 
as  illustrated  by  the  internal  elastic  membrane  which  becomes  crenated  on  collapse 
of  the  artery.  Furthermore.  when  the  number  of  elastic  fibres  in  the  walls  is  in- 
creased  the  vessel  loses  all  elasticity  and  becomes  rigid. 

tThe  normal  central  artery  measures  145  n  at  the  lamina  and  166  n  1  mm.  behind 
it.     (Coats.) 

tWhen  the  blood  is  filled  with  pathogenic  organisms,  bacterial  emboli  may  lodge 
in  the  central  artery  and  produce  occlusion.     Früchte  reports  a  case  of  sepsis  with 
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bland,  white  rombua  which  is  supposcd  to  dose  the  central  artery  in 
those  cases  lormcrly  considercd  as  emboHc.  Unfortunateiy,  the  cases 
so  far  reported  were  not  microscopically  examliied  untll  ttic  characteristic 
histologic  structure  of  a  thrombus  had  been  lost  in  the  proccss  of  Organi- 
zation. If  an  emboius  or  thrombus  occliides  the  central  artery,  it  is  soon 
replaced  by  cells  and  tissue  proliferated  from  the  intima  which  are  difficult 
to  distinguish  from  simÜar  cells  and  tissue  produced  by  a  primary  endar- 
teritis.  This  difficuity  is  increased  after  degenerative  changes  are  estab- 
lished,  at  which  tinie  the  original  nature  of  the  obstruction  cannot  bc  de- 
termined  (Figs,  89-92).  It  is  possiblc  that  calcareous  or  tissue  masses 
resulting  from  endarteritic  proliferation,  may  sometimes  separate  from 


he  vessel  beyond  the  point  of 

frcquent,  apparent  llmitation 
:1.  As  a  ruic  the  walls  are  af- 
ickening  throughout  the  course 
morbid  changes  in  the  central 
al  elastic  membrane  under  the 
:rans.  The  early  histological 
artery  from  endarteritis  have 
I  Ribbcrt  and  Jores,  the  most 
^lace  in  arterioscierosis  is  dls- 
es  in  the  intima.  Rlbbert  sum- 
rts  a  rca  It  of  increased  blood  pressure, 
fluid  constitueiits  from  the  blood  are  forced  into  the  intima,  separating 
the  fibrillae,  dilating  the  Spaces,  and  causing  the  fibrlllated  basemcnt 
membrane  to  swell."  In  the  following  case  the  microscopic  Bndings  con- 
form  with  Ribbert's  description.* 

The  paticnt  was  a  man,  5  1  years  of  age.  As  demonstrated  at  autopsy, 
he  had  chronic  endocarditis,  perlcarditls  and  pleunsy.  The  immediate 
cause  of  death  was  edema  of  the  lungs.  Two  weeks  before  death  the 
left  eye  suddenly  became  blind.     The  fundus  presented  the  ophthalmo- 


the  walls  of  the  central  artery  a 
their  origin. 

A  peculiarity  of  ar        s 
to  a  System  of  vessels  n 
fected  for  short  distari' 
of  an  artery  belng  ra 
artery  occur  within  th. 
form  of  endarteritis 
changes  occurnng  in 
not  hitherto  been  repv 
important  prellminary 
tension  of  the  tissue  ai 
marlzes  his  views  as  follows: 


ulcerative  endocarditis  in  whicli  closure  of  the  central  artery  occurred.  Loneitudinal 
sectton  of  the-  nerve  showed  the  lumen  filied  with  a  homogeneous,  stratified  inass, 
which  Früchte  considered  an  emboius.  bul  others  mieht  retard  as  septlc  hyaline 
thrombus. 

•From  the  ser\ice  of  Prof.  FrancU  Vallt.  N.  Y.  Post  Graduate  Hospital.  I 
have  withheld  and  studied  this  case  for  many  years  and  the  diagnosis  was  made  only 
after  the  most  car«ful  research  and  consnltation.  Among  others,  Profs.  T.  Mitchell 
Prüden  and  Henry  T.  Brooks  concnr  in  the  histologic  findinffs  described  above. 


Closiire  of  Cenirul  \i.  ■>  '  ..i.^iiu.liiiiil 
The  endothelial  lining  of  ihe  ariery  ia  i.nnvrtsstU  inlo  a  string  of  cell?  by  f 
exudalc.  In  front  of  the  occiusion  thus  forined.  to  the  left  in  the  figure.  ihe  lun 
filled   with   hlood    not   iiossessinK   the   :inatcimic   structure   of   Ihrombus. 
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The  aricry  is  sIk.wh  l.»  the  riKbt,  ilu-  vi-in  to  Ihe  lefl. 
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scopic  picture  typical  of  an  embolus  In  the  central  artery.  The  eye  and 
optic  nerve  were  removed  at  autopsy  and  sent  to  me  for  examination. 
The  nerve  was  cut  longitudinally.  Complete  serial  sections  were  made 
and  every  section  examined. 

Immediately  behind  the  lamina,  the  lumen  of  the  central  artery  was 
closed  by  swelling  of  the  intima.  The  swelling  was  due  to  a  serous 
exudate  in  the  Spaces  of  the  subendothelial  tissue,  which  were  so  dilated 
that  the  endothelial  lining  of  the  artery  was  compressed  into  a  string  of 
cells  (Fig.  84).  The  fluid  which  filled  the  subendothelial  space  was 
slightly  fibrillated  and  contained  a  number  of  leucocytes  but  no  red  cells. 
Immediately  in  front  of  the  occlusion  the  lumen  of  the  artery  was  filled 
by  old  "  stagnant  "  blood  which  did  not  possess  the  anatomic  structure  of 
a  thrombus.  Behind  the  occlusion  the  artery  was  almost  completely  col- 
lapsed  and  contained  no  blood  corpusdes.  The  obstruction  bore  no  re- 
semblance  to  the  endothelial  detachments  produced  by  rough  manipulations 
(Fig.  90).  Certainly,  the  exudate  and  leucocytes  in  the  subendothelial 
tissue  were  not  artefacts.  In  the  later  stages  of  endarteritis,  two  types 
of  obstructive  proliferation  occur  in  the  central  artery:  (1)  cellular  or 
cellulofibrous  proliferation;  (2)  increase  in  the  elastic  tissue.  These  two 
processes  frequently  coexist.  Mucous  swelling,  atheromatous  softening, 
and  ulceration  do  not  occur  in  the  central  artery  of  the  retina. 

The  foUowing  case  is  an  exquisite  example  of  the  cellulofibrous  type 
of  endarteritis  :* 

Man,  44  years  of  age,  with  advanced  general  arteriosderosis. 
Entered  the  clinic  with  hemorrhagic  retinitis.  Glaucoma  developed  and 
the  eye  was  enucleated.  Two  weeks  later  violent  hemorrhage  occurred 
from  the  stump. 

The  entire  optic  nerve  was  sectioned  transversely  and  every  section 
examined.  The  walls  of  the  central  vein  were  greatly  thickened  and  com- 
pletely collapsed.  The  lumen  of  the  central  artery  was  closed  by  active 
endarteritis  (Figs.  85-86) .  In  this  case  it  is  difficult  to  determine  on  which 
side  of  the  vascular  System  occulsion  first  occurred.  This  difficulty  is 
further  increased  by  extreme  angiosderosis  of  the  retinal  vessels.  Within 
the  limits  of  the  lamina  elastica  there  is  an  exuberant  proliferation  of  large 
vesicular  cells  (Fig.  86).  Although  epithelioid  in  type,  these  cells  are 
not  regarded  as  off  Springs  of  the  endothelium  but  of  the  subendothelial 
tissue   (Coats).     They  either  swell  and  disintegrate  or  become  fibrous. 


♦From  the  clinic  of  Dr.  J.  Scott  Wood,  Brooklyn  Eye  and  Ear  Hospital. 
9 
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The  cul  shows  a  mass  of  tissue  formed  in  this  manner,  sltuated  between 
ihe  endothelial  lining  and  nest  of  vesicular  cells.  The  uniform  appearance 
of  the  cetls  indtcatcs  that  all  are  of  nearly  the  same  age.  This  fact  sug- 
gests  that  an  eruptive  proliferation  of  such  cells  would  close  the  artery, 
and  later,  through  shrinkage,  the  lumen  might  reopen.  In  this  as  in 
all  similar  cases,  proliferation  proceeds  from  one  side  of  the  artery,  pro- 
ducing  an  eccentrtc,  irregulär  lumen.  Frequently  the  cellulotibrous  tissue 
assumes  a  nodular  form  which  projccts  into  the  lumen  usually  from  one 
ilde  only,  rarcly  from  both  (Fig.  81).  In  either  case  the  lumen  is  re- 
duced  to  a  slit-like  opening.     At  ürst  the  nodes  consist  of  cells  but  later 


the  ma88  is  Invadcd  by  elastic  and  f 
the  ccUuIar  elements  (Fig.  88). 

More  or  less  increase  of  elastic 
of  endarteritis,  but  sometimes  prol 
ai  to  constitute  the  sole,  or  at  least  d 
The  vcssels  shown  in  Fig.  87  are 
The  section  was  made  through  the 
ttained  by  Weigtrt's  method  f 
central  vein  are  compicte 
intima  and  media  of  the  v> 
elastic  tissue.    As  a  rule,  the 
Occaslonally,  however,  as  in  uua  < 
occurs  from  proliferation  of  elastic  na 
the  muscularis  as  well  as  the  intima. 


)  inective  tissue,  which  replace 

the  intima  occurs  in  all  types 
of  this  tissue  Is  so  excessive 
cause  of  arterial  obstruction. 
e  of  genera]  arterioscierosis, 
rt  of  the  lamina  crlbrosa  and 
sue.  Both  branches  of  the 
ar  and  fibrous  tissue.  The 
replaced  by  thick  layers  of 
)art  in  the  sclerosing  process. 
itric  narrowing  of  the  lumen 
.UV  ...  <he  outer  coats  which  replaces 
In  the  illustration,  notice  the  entire 
absence  of  elastic  fibers  in  the  velns,  which  proves  that  these  vessels  have 
already  assumed  thelr  retinal  structure.  In  the  foUowing  case  the  central 
artery  was  entirely  replaced  by  a  cord  of  elastic  tissue. 

Male,  32  years  of  age.  Operation  on  the  frontal  sInus  was  followed 
by  orbital  cellulitls.  I  saw  him  first  at  this  time,  In  consultation  with  Dr. 
Lewis  Coffin.  O.  D.  Exophthalmus  was  excessive.  Cornea  hazy.  No 
perception  of  light.  Blindness  occurred  suddenly.  Details  of  fundus  were 
obscured  by  condition  of  the  Cornea.  Pupil  dilated  and  immobile.  Vit- 
reous  clear.  The  fundus  had  a  uniform,  dirty-white  reflex,  No  retinal 
hemorrhages.  View  of  the  vessels  was  unsatisfactory.  An  opinlon  was 
glven  that  the  central  artery  was  c!osed  by  septic  thrombosis.  Incision  of 
the  orbital  tissue  evacuated  pus  and  the  exophthalmus  gradually  subsided. 
The  eye  never  recovered  perception  of  light.  Ulceration  and  cicatriza- 
tion  of  the  Cornea  prevented  further  examinatlon  of  the  fundus.  Three. 
tnonths  later  the  eye  was  cnucleated.     Transversc  serial  sections  were 
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made  of  the  posterior  part  of  globe  and  optic  nerve.  Both  central 
artery  and  vein  were  completely  oblJterated  in  and  behind  the  lamina 
cribrosa.  The  two  vessels  were  enclosed  in  a  common  sheath  which  was 
moderately  infiltrated  with  round  cells.  The  artery  consisted  almost 
whotly  of  elastic  tissue  (Fig.  88)  and  the  vein  of  organizing  connective 
tissuc  and  cells.  The  retina  was  edematous  and  its  inner  layers  degen- 
erated,  No  evidence  of  intraocular  hemorrhage  was  found  except  some 
pigment  granules  on  the  disc. 

A  frequent  artefact  in  the  central  artery,  often  mistaken  for  a  patho- 
logical  process,  is  produced  during  enucleation  by  dragging  and  torsion 
of  the  nerve  and  especiaily,  by  unsuccessfui  attempts  to  sever  the  nerve 
with  scissors.  A  great  variety  of  conditions  result,  but  in  all,  the  distin- 
guishing  feature  is  a  fresh,  normal  condition  of  the  blood  and  tissue 
Clements.  Usually  the  lumen  of  the  artery  is  blocked  by  massed  blood 
corpuscles  and  spindle  cells,  The  endothelial  layer  may  be  shredded  or 
the  elastica  stripped  from  the  walls  and  entangled  in  the  blood  (Fig.  90). 
Collections  of  fresh  blood  may  occupy  the  intima.  Cases  reported  as  de- 
tachment  of  the  intima,  exfoliation  of  endothelium,  dissection  of  the 
walls  by  blood  and  fresh  thrombi  arc  examples  of  this  artefact.  The  only 
case  of  active  endothelial  proliferation  and  loosening  which  I  have  seen 
was  also  due  to  traumatism,  but  in  this  case  it  Is  believed  to  have  occurred 
before  enucleation. 

L.  M.,  healthy  mechanic  27  years  of  age.  The  left  eye  was  per- 
forated  by  a  piece  of  steel  which  passed  through  the  ciliary  body  and  lodged 
in  the  tissues  at  the  inner  border  of  the  papilla.  Intraocular  hemorrhage 
was  slight.  Four  hours  later  the  steel  was  located  by  skiography  and  re- 
moved  by  magnet.  Mild  cyclitis  developed  and,  fearing  sympathetic  Oph- 
thalmitis, the  eye  was  enucleated  on  the  fourth  day  after  injury.  Micro- 
scopic  examination  showed  no  evidence  of  purulent  infection.  The  former 
site  of  the  foreign  body  was  distant  about  1  mm.  from  the  central  artery. 
There  was  round  cell  Infiltration  of  the  surrounding  parts  but  the  tissue 
process  appeared  to  be  reparative  rather  than  inflammatory.  The  follow- 
ing  interesting  changes  were  noted  in  the  central  artery.  Distension  of 
the  perivascular  lymph  sheath  and,  on  the  side  of  the  vessel  adjacent  to 
the  injury,  there  was  edematous  thickening  of  the  media.  At  this  point  the 
endothelial  cells  were  loosened  and  increased  in  numbers,  formlng  a  loosely 
adherent  mass  which  projecCed  across  the  himen.  Adjoining  this  mass, 
were  single  cells,  partly  detached  and  adherent  to  the  walls  by  pointed  tips, 
their  long  dlameters  extending  out  into  the  lumen  (Fig.  91 ), 
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In  endarterltis,  the  progressive  deposit  of  ncw  tissue  finally  is  ar- 
rcsted  by  nutritive  distuÄance  and  retrogressive  alterations  ensue.  If, 
through  thcse  processes,  the  central  vessels  are  occluded,  the  products 
of  proliferation  and  degeneration  may  be  removed  and  all  traccs  of 
the  vessel  obliterated  by  encroachment  of  the  surrounding  conncctivc 
tissue  (Fig.  92). 

Clinical  History.  Prodomata,  consisting  of  transitory  obscura- 
tions  of  vision,  which  may  be  alarming  or  so  slight  as  to  bc  forgottcn  by 
the  patient,  usually  are  present.  At  last,  sudden  blindness  ensues  which 
is  permanent.  Transitory  attacks  may  continue  for  twenty  years  or  longer 
with  no  apparent  injury  to  vision.  In  other  cases,  permanent  blindness 
may  follow  the  first  seizure.  An  attack  usually  is  unattended  by  subjcctive 
Symptoms,  although  vertigo,  faintness  and  photopsia  have  been  obscrvcd. 
In  rare  instances  both  eyes  are  affected  simultaneously  or  at  different 
times.*  In  Hasse's  case  the  interval  was  ten  years.  In  bilateral  cases 
the  eyes  may  be  affected  in  varying  degrees.  After  a  severe  attack  most 
cases  advance  to  complete  blindness,  cven  though  temporary  improvemcnt 
may  take  place.  In  a  case  observed  by  Sichel  there  was  at  first  great  im- 
provement,  but  four  months  later  vision  again  sank  to  bare  perception  of 
light.  If  the  blindness  is  absolute  during  an  attack,  the  prognosis  is  bad. 
If  central  scotoma  exists,  useful  vision  cannot  be  expected.  At  first  the 
whole  field  may  be  darkened  and  later  a  quadrant  clear  up.  Even  in  the 
most  favorable  cases  peripheral  contraction  of  the  visual  field  is  to  bc 
expected.  A  prognosis  of  useful  vision  may  be  givcn  in  cases  where 
central  vision  is  preserved.  Despite  the  unfavorablc  outlook  for  most 
cases,  a  number  have  been  rcported  in  which  vision  was  nearly  or  com- 
pletely  rcstored.t 

A  few  cases  have  occurred  and  been  microscopically  examined,  in 
which  closure  of  the  artery  was  foUowed  by  unilateral  glaucoma.  In  all 
but  three  of  these  the  increased  tension  was  explained  by  pathological 
conditions  other  than  closure  of  the  artery.  J  Closure  of  the  central  artery 
is  not  very  rare,  and  three  cases  occurring  in  connection  with  glaucoma 
constitute  too  small  a  percentage  to  establish  a  causative  connection  be- 
tween  the  two  conditions.     It  is  held  that  arteriosclerosis  is  the  common 

♦  Hirschberg,  Ewers,  Hasse,  Benson,  Blagowjestschenski. 

tUthofF,  Raehlmann,  Mooren,  Olaf  Page,  Coats. 

t  Cases  of  Nettleship,  Manz  and  Marple.  Nettleship's  second  case  is  not  in- 
cluded.  owing  to  lack  of  correspondence  between  the  clinical  and  microscopic  findings. 
The  onset  of-  blindness  was  attended  by  severe  pain  and  the  ophthalmoscopic  picture  was 
not  characteristic  of  "  embolism."    Probably,  the  pathological  examination  was  not  complete. 
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cause  of  both  the  central  artery  dosure  and  subsequcnt  glaucoma.  Were 
this  true,  the  order  of  events  occasionally  would  be  reversed  and  closure 
of  the  artery  foUow  glaucoma;  such  an  occurrence,  however,  appears  to 
be  unknown.'^  Primary  glaucoma  is  regarded  as  a  bilateral  affection. 
In  these  cases  the  glaucoma  was  limited  to  the  eye  in  which  the  artery  was 
dosed,  indicating  that  it  was  secondary  to  some  morbid  condition  in  the  af- 
fected  eye.  That  cessation  of  retinal  circulation  would  directly  affect  intra- 
ocular  pressure,  is  inconceivable ;  therefore,  the  development  of  glaucoma, 
probably  depended  upon  some  local  process  which  was  not  ascertained. 
It  may  be  possible  that,  inasmuch  as  the  inner  layers  of  the  retina  die 
after  closure  of  the  central  artery,  the  products  of  their  decomposition  niay 
exdte  sufficient  reaction  in  the  pectinate  ligament  to  establish  a  glaucoma- 
tous  tendency.  It  has  not  been  established,  however,  that  such  a  tendcncy 
exists. 

DiAGNOSis.  Rccent,  well  dcvcloped  cases  of  central  artery  closure 
can  hardly  be  mistaken  for  any  other  condition.  If  the  retinal  opacity 
18  very  great,  it  may  complctely  obscure  the  nerve.  Such  cases  arc  liif- 
ferentiated  from  choked  disc  by  the  small  veins  and  absence  of  swcIliiiK: 
also  by  the  macular  spot  and  by  amaurosis.  The  foveal  red  spot  is  ncariv 
diagnostic  It  may  develop  also  in  comotio  retinae,  but  in  this  condition  thr 
vessels  are  not  reduced  in  size.  Amaurotic  idiots  show  a  similar  apprtn 
ance  at  the  macula,  but  there  is  no  opacity  around  the  nerve  and  thr  rriiiul 
vessels  are  normal.  Amaurotic  idiocy  occurs  only  in  infants.  A  nirtiiilrti 
hole  sometimes  appears  in  the  retina  after  injury,  especially  in  inyopic  rvm 
In  these  cases  peripheral  vision  is  prescrved,  while  in  dosurr  llir  r\\\\\v 
field  is  darkened.  Small  macular  hemorrhages  are  usually  roiiiul  rttul 
may  resemble  the  red  spot  of  **  embolism."  After  circulation  \%  iy»miu»mI 
and  vision  partly  restored,  the  diagnosis  rests  largcly  on  thr  lii«itni  v  Al 
this  time,  slight  pressure  on  the  globe  with  the  fingen  may  »mmi  iilimtl 
drculation  and  render  visible  obscure  mural  opacitim.  In  ohl  ift^r«  mI 
closure  in  which  circulation  has  been  resumcd,  comTnfrir  muH  1 4«  limi  hI 
the  Visual  fields  usually  exists. 

OccuLSiON  Atrophy  (Atrophie  Stagc  of  Central  Aiiny  C  limuitO 
If  the  central  artery  is  once  complctely  blorkcd  hy  niilMrlriih«!  mIiIiim.im«. 
embolus  or  thrombus,  the  inner  laycr»  of  the  rrtina  »iiiil  flu   iiplii   m  i  n- 
undergo  extreme  atrophy  ( Figs.  9.3-94 ) . 


*Ridle3r'i  case.  which  Haah  riurttt/.  a>  uti  t-^^tniA»,  -tta-.  mi^  'if  IimhumIlih}    |.|.iii' r<iii.« 
m  which  Wide  spread  vascular  'iia^anr  *:/.\^\t-t\ 
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Stereogram  44.  Retinal  Atrophy  Following  Closure  öt  the 
Central  Artery.  Left  fundus  oculi  of  girl  who  two  ycars  ago  had 
complete  closure  of  the  central  artery  of  the  retina.  The  ophthalmoscopic 
picture  which  the  eye  presented  at  that  time  is  shown  in  stereogram  41. 
Vision  never  was  restored  after  closure  first  occurred.  Externally,  the 
eye  appears  normal.  Light  perception  is  absolutely  abolished.  Direct 
pupillary  reaction  to  light  is  lost  but  consensual  reaction  is  normal.  The 
fundus  picture  is  characteristic  of  atrophy  coniined  to  the  inner  layers  of 
the  retina.  There  is  no  pigmentation  or  other  evidence  that  either  the 
outer  layers  of  the  retina  or  the  choroid  are  in  any  way  disturbed.  The 
atrophic  nerve  has  a  bluish  cast  but  the  markings  of  the  lamina  cribrosa 
are  not  visible,  as  is  the  case  in  simple  optic  atrophy.  Only  two  arteries 
contain  blood  columns,  the  others  being  reduccd  to  white  bloodless  cords  or 
entirely  obliterated.  The  veins  which  remain  are  highly  sclerosed,  but  con- 
tain more  blood  than  the  arteries.  A  delicate  veil,  representing  the 
atrophic  layers  of  the  retina,  hangs  over  the  entire  fundus. 

Diagnosis.  Occlusion  retinal  atrophy  is  recognized  by  its  extreme 
character,  absence  of  postinflammatory  products,  pigmentation  or  hemor- 
rhage  and  by  absolute  blindness. 

Branch  Artery  Closure.  When  a  branch  of  the  central  artery 
of  the  retina  is  obstructed,  the  same  changes  occur  within  the  area  of  its 
distribution  as  in  obstruction  of  the  trunk  artery  and  a  scotoma,  cor- 
responding  to  the  affected  region,  appears  in  the  visual  field.  It  has  been 
stated  that  the  macular  branch  is  most  frequently  closed.  Probably,  this 
is  more  apparent  than  real,  inasmuch  as  a  small,  peripherally  situated 
scotoma  may  escape  detection,  whereas,  a  central  defect  is  noticed  at 
once.  Closure  of  a  sub-branch  causes  a  fan-shaped  scotoma  highly  char- 
acteristic of  the  condition.  The  retinal  opacity  is  more  prominent  in 
branch  closure  than  in  closure  of  the  central  artery,  from  contrast  witK 
the  adjacent,  unaffected  retina.  Occasionally,  edema  is  excessive.  Hirsch- 
berg, describing  such  a  case,  said:  **  Throughout  the  area  of  distribution 
of  the  obstructed  artery  the  retina  was  whitish  and  edematous.  To  those 
unacquainted  with  the  picture  it  might  be  mistaken  for  detachment  of  the 
retina,  a  mistake  that  appears  sometimes  to  have  occurred."  It  must  be 
remembered  that  the  retinal  opacity  soon  passes  away,  after  which  the 
visible  alterations  may  not  correspond  with  the  functional  disturbance. 
At  this  period  Perimetrie  measurements  will  reveal  the  characteristic  sco- 
toma of  branch  closure,  thus  indicating  the  real  trouble.  By  the  same 
means  it  may  be  possible  to  distinguish  a  primary  vascular  degeneration, 
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from  a  vascular  degeneration  secondary  to  closure  of  an  artery.  Bleeding 
usually  is  absent  in  dosure  of  a  branch  artery.  An  associated  branch  artery 
and  vein,  however,  may  both  be  dosed  from  endovasculltis  or  thrombosis, 
in  whidi  case  hemorrhages  and  edema  occur  throughout  the  region  of 
their  distribution.  The  possibility  of  hemorrhagic  infarction  from  in- 
complete  dosure  of  a  branch  retinal  artery  is  a  subject  for  discussion 
(see  p.  112).  Reimer  considers  branch  closure  usually  to  be  incomplete 
because  a  brolcen  blood  column  has  never  been  observed  on  the  peripheral 
side  of  the  obstruction. 

The  point  of  obstruction  being  ophthalmoscopically  visible  in  branch 
dosure,  the  latter  has  been  subjected  to  the  most  careful  scrutiny.  Many 
observers  have  seen  what  they  believed  to  be  an  embolus  blocking  the 
artery.  These  obstructions  have  been  variously  described  as  **  dark-red  en- 
largements,"  **  white  or  grey  lines,"  or  as  "  white  scales  on  the  vessels/' 
etc.  Sometimes  the  plug  has  appeared  to  change  its  position,  spontaneously 
or  from  external  pressure.  Frequently,  they  have  disappeared  altogether. 
The  more  complete  knowledge  acquired  regarding  the  ophthalmoscopic  ap- 
pearances  produced  by  arteriosclerosis  makes  it  more  than  probable  that 
nearly  all  so-called  emboli,  seen  with  the  ophthalmoscope,  in  reality,  were 
illusory  effects  incident  to  changes  in  the  walls  of  the  arteries.  Thus, 
sderotic  spots  in  an  otherwise  transparent  vessel,  or  transparent  places 
in  a  sderosed  vessel,  or  a  point  of  obstruction  at  which  the  blood  column 
was  arrested,  were  misinterpreted  if  the  mind  of  the  observer  was  pos- 
sessed  by  the  embolic  theory.  A  conical  pointing  of  the  blood  column  at 
each  end  of  the  supposed  embolus  has  often  been  described,  a  condition 
now  known  to  be  pathognomonic  of  narrowing  of  the  lumen  from  thickcn- 
ing  of  the  walls.  Raehlmann,  speaking  of  the  ophthalmoscopic  appearance 
in  arteriosclerosis,  says :  "  In  former  years,  when  I  first  observed  these 
changes,  I  thought  I  had  before  me  the  remains  of  an  embolic  process/* 
From  the  evidence  at  band  it  must  be  conduded  that  so-called  branch 
embolism  is,  in  the  great  majority  of  cases,  due  to  obstruction  of  the  blood 
stream  from  thickening  of  the  arterial  walls. 

Stereogram  45.  Closure  of  Branch  Retinal  Artery.  Married 
woman,  30  years  of  age.  Mother  of  two  healthy  children.  Has  never  mis- 
carried.  Wassermann  test  for  Syphilis  and  Von  Pirquet  for  tuberculosis, 
negative.  Urine  contains  a  trace  of  albumin.  Blood  pressure  125  mm.  Hg. 
Dr.  Glentworth  Butler,  who  made  a  physical  examination,  found  neither 
cardiac  nor  vascular  disease.  Four  days  ago  sudden  blurring  occurred 
in  the  left  eye.    Light  perception  is  lost  in  the  upper-inner  visual  field  ( Fig. 
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95).  With  thc  ophthalmoscope  a  retinal  opaclty  is  seeti  covermg  the  ' 
infratemporal  ,quadrant  of  the  fundus,  most  dense  in  the  macular  region. 
On  the  temporal  side,  thc  opaque  and  normal  rctina  are  sharply  separated 
by  a  wavy  line  which  passes  directly  through  the  fovea  centralis.  On  the 
infranasal  side,  the  white  opacity  fades  gradually  into  the  normal  red 
fundus.  The  opaque  region  is  triangulär  in  form  with  thc  apex  at  the 
disc.  The  lower  half  of  thc  fovea  is  situatcd  withln  the  opacity  whcre  it 
appears  as  a  semicircular  red  spot,  continuous  above  with  the  normal 
macula.  The  affectcd  region  rcpresents  the  area  of  distributlon  of  the 
infratemporal  retinal  artcry  which  is  obstructed  at  the  disc.     At  its  cxit 


from  the  nerve  this  vesscl  is  op^ 
dlameter.  Within  the  opaque  poi 
Segments  of  visiblc  blood  co!  ti. 
the  macula  are  rendered  vi  1 

infrateniporal  vein  contains     oo 
the  disc.     Evidently,  the 
the  finger  on  the  eye  falls 
producc  pulsation. 

DlAGNOSIS.      CIosHi 
may  be  mistaken  for  flat 
from  the  choroid.    In  dct« 
and  somewhat  tortuous,  t 
and  narrowed.    The  surfai 


a  distance  of  about  one  disc 
lie  artery  are  two,  short,  red 
s  of  the  artery  distributed  to 
with  thc  opaque  retlna.  Thc 
ader  at  the  periphery  than  at 
is  incomplete.  Pressure  wilh 
ic  occluded  artery  of  blood  or 


y  often  escapes  discovery.  It 
ctina  or  edema  duc  to  effusion 
es  and  vcins  are  füll,  darkened 
ilusion  the  vessels  are  straight 

a  kjvit.. -    :  always  is  somewhat  elevated, 

which  13  not  the  case  in  occluslon.  Good  light  perception  or  even  vision 
is  retained  in  recent  detachment,  biit  the  area  affected  by  closure  of  an 
artery  13  blind,  Morcover,  the  triangulär  form  of  opacity  in  branch  closure 
19  diagnostic  of  the  condition.  An  isolated  patch  of  opaque  retina  from 
choroidal  effusion  (Stergm.  18)  is  differentiated  from  the  opacity  of  vessel 
closure  by  its  elevated  surface,  normal  or  congested  vessels,  Its  form  and 
Situation,  which  bear  no  relation  to  an  artery  and.  in  nearly  all  cases,  the 
presence  of  other  choroidal  lesions.  PhotopsitC  are  a  Symptom  of  choroid- 
itis  but  are  not  present  in  closure  of  the  retinal  vessels.  Circulation  may  be 
restorcd  after  branch  closure.  but  the  scotoma  may  rcmain,  The  triangulär 
shape  of  such  scotomata  indicates  their  vascular  origin. 
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Cl-OSURE  OF  THF,  CENTRAL  VeIN  OF  THE  ReTINA  (Thrombosis). 
When  the  central  vein  of  the  retina  is  ocduded,  the  conditions  existing  in 
dosure  of  the  central  artery  are  reversed.  Instead  of  retinal  ischemia, 
a  State  of  statte,  venous  engorgement  ensues,  the  intensity  of  which  dcpends 
upon  the  dcgree  of  obstruction  In  the  vein.  Michel,  who  first  demonstrated 
the  condition,  separates  it  into  three  dasses:  (1)  Complete  obstruction; 
(2)  Nearly  complete  obstruction;  (3)   Partial  or  slight  obstruction. 

In  cases  of  the  first  class,  namely,  complete  obstruction,  the  fundus 
presents  the  picture  of  extreme  hemorrhagic  rctinitis.     The  veins  are 
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enormously  distended,  irregulär  in  size  and  very  tortuous,  the  sinuosities 
being  mosdy  perpendicular  to  the  plane  of  the  retina,  rising  above  the 
surface  in  bladk,  knuckle-like  loops  and  then  disappearing  into  the  swoUen 
retina  or  pools  of  blood.  The  arteries  are  more  or  less  diminished  in 
size,  according  to  the  amount  of  pressure  exerted  upon  thcir  walls  by 
swelling  of  the  nerve.*  The  arteries  about  the  disc  f  requently  are  obscured 
by  blood  and  exudates.  The  vessels,  especially  the  veins,  may  be  bordered 
by  white  lines  due  to  wall  degeneration  although  tortuosity  and  bleeding 
are  not  great  when  the  veins  are  highly  sclerosed.  White  borders  to  the 
veins  may  be  due  also  to  effusion  into  the  perivascular  lymph  Channels 
(perivasculitis). 

The  retina  is  covered  with  flame-shaped  or  round  hemorrhages,  most 
numerous  around  the  disc,  where  the  blood  may  form  a  continuous  sheet. 
As  a  rule,  the  blood  does  not  break  through  the  limiting  membrane  of  the 
retina  into  the  vitreous.  Areas  of  white  exudation  abound,  especially 
where  sharp  bends  occur  in  the  veins.  The  macula  exhibits  a  grey  dis- 
coloration  unless,  as  is  frequent,  it  is  the  site  of  hemorrhage.  There  is 
always  more  or  less  redness  and  edema  of  the  nerve-head.  Usually  the 
swelling  is  very  slight,  but  occasionally  is  great  enough  to  be  dassed  as 
neuritis  {hemorrhagic  neuroretinitis) .  I  have  usually  found  the  nerve 
swollen  when  retinal  thrombosis  was  associated  with  albuminuria.  Red- 
ness of  the  nerve  likewise  is  variable,  sometimes  slight  and  again  sufficient 
to  obliterate  the  outline  of  the  disc.  If  the  central  vein  is  occluded,  the 
veins  upon  the  disc  cannot  be  emptied  by  external  pressure  upon  the  globe, 
although  an  intermittent  blood  current  can  be  thus  produced  in  the  arteries, 
tndicating  that,  notwithstanding  closure  of  the  trunk  vein,  circulation 
through  the  vcnous  collaterals  in  the  nerve  still  exists.  In  a  case  of  Bal- 
laban's,  the  veins  could  not  be  emptied  by  pressure,  but  circulation  was 
manifested  by  the  unusual  feature  of  a  granulär  current  in  the  veins. 

In  cases  of  the  second  class,  in  which  nearly  complete  obstruction 
exists,  the  veins  are  equally  dilated  but  hemorrhages  are  less  numerous 
than  in  the  first  class.  Probably,  the  veins  upon  the  disc  can  be  emptied 
by  external  pressure. 

In  cases  of  the  third  class,  where  obstruction  is  comparatively  slight, 
the  veins  still  are  quite  tortuous  and  the  disproportion  in  size  between 
them  and  the  arteries  is  very  apparent.  Hemorrhage  is  slight  or  may 
not  occur.  The  veins  on  the  disc  can  be  seen  to  empty  when  pressure  is 
applied  to  the  eye. 

^Reimer  attributes  the  shrinking  of  the  arteries  to  obstructive  endarteritis. 
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Wilbrand  and  Saenger  State  that  bleeding  in  vcnous  obstruction  may 
be  slight  under  the  following  conditions:  (a)  extreme  weakness  of  the 
heart;  {b)  incompletedosure  of  the  vein;  (c)  dosure  of  both  central  artery 
and  vein;  (d)  when  dlioretinal  veins  are  present."^ 

In  the  early  stage  of  venous  dosure  the  retinal  exudates  have  a 
milky,  edematous  appearance,  due  to  large  admixture  of  serous  transudate. 
The  dense  white  patches  which  appear  a  few  days  later  are  connected  with 
the  processes  of  blood  resorption. 

Stereogram  46.  Closure  of  Central  Retinal  Vein.  (Retinal 
Thrombosis;  Retinitis  Hemorrhagica ;  Apoplexy  of  the  Retina).  Mu- 
latto  woman,  45  years  of  age.  Laundress.  Urine  normal.  Blood  pres- 
sure, 250  mm.  Hg.  Surface  arteries,  rigid.  Numbness  of  left  band  and 
leg.  Five  weeks  ago,  on  waking  in  the  morning,  she  discovered  that  her 
left  eye  was  blind.  At  the  present  time,  with  this  eye,  she  can  see  move- 
ments  of  the  band.  The  ophthalmoscope  shows  the  entire  fundus  covered 
with  blood.  Most  of  the  hemorrhages  are  striate  but  many  are  deep  and 
round.  An  almost  continuous  sheet  of  blood  extends  around  the  upper 
and  temporal  sides  of  the  disc.  The  nerve  head  is  not  swoUen,  but  is 
covered  and  obscured  by  a  patch  of  white  exudate.  Similar  masses  of 
exudate  are  scattered  throughout  the  fundus.  The  enormously  dilated 
and  tortuous  veins  are  either  entirely  buried  in  the  swoUen  retina  or  rise 
above  the  surface  in  dark,  venous  loops.  The  arteries  are  also  obscured 
by  the  swelling  and  hemorrhage,  but  wherever  visible  they  do  not  appear 
narrowed.  The  veins  cannot  be  emptied  of  blood  by  external  pressure  on 
the  eye. 

Diagnosis.  Only  the  condition  known  as  thrombosis  of  the  central 
vein  of  the  retina  produces  the  picture  shown  by  this  stereogram.  From 
choked  disc  it  is  differentiated  by  the  extensive  bleeding  and  absence  of 
nerve  swelling.  Hemorrhage  from  traumatism  would  be  more  local  or, 
if  extensive,  blood  would  appear  in  the  vitreous.  That  venous  obstruction 
in  the  above  case  is  complete  is  shown  by  the  amount  of  blood  extrava- 
sated  and  by  inability  to  empty  the  veins  on  the  disc  by  external  pressure 
with  the  finger. 

Etiology.  Aside  from  albuminuric  cases,  closure  of  the  central 
vein  usually  ocairs  in  elderly  people  who,  although  apparently  in  good 
health,  in  reality  are  subjects  of  cardiac  or  vascular  disease.  The  disorder 
is  prone  to  attack  those  who  have  passed  their  lives  in  laborious  toil,  espe- 


*The  existcnce  of  dlioretinal  veins  is  doubtful   (page  16). 
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cially  in  a  stooping  position.'*'  The  disease  is  more  common  among  men 
than  women  which  may  be  attributed  to  the  more  violent  exercises  or 
intemperate  Habits  of  the  former,  conditions  which  lead  to  degenerative 
changes  in  the  heart  and  blood  vessels.  The  most  frequent  systemic 
change  noted  has  been  arteriosderosis,  rigidity  of  the  surface  arteries 
being  recorded  in  most  reports.  Old  age  predisposes  to  the  affection. 
Thus,  among  54  cases  tabulated  by  Harms,  44  were  over  forty  ycars  of 
age.t  The  average  ratio  of  predisposing  and  associated  diseases  is  il- 
lustrated  in  50  cases  coUccted  by  Moses  of  complete  obstruction  in  the 
central  vein  or  some  of  its  branches.  Among  these,  38  had  arteriosclerosis. 
The  majority.were  over  50  years  of  age.  In  those  below  this  age,  other 
morbid  conditions  cocxisted  with  vascular  disease.  For  example,  5  were 
diabetic,  4  had  contracted  kidneys  and  2  pernicious  anemia.  Two  cases 
showed  Struma  and  mitral  insufficiency.  In  one  case  the  heart  was  dis- 
placed  by  kyphoscoliosis.  The  influence  of  vascular  disease  upon  the 
retinal  circulation  was  illustrated  in  a  case  where  the  central  vein  was 
dosed  in  one  eye  and  the  central  artery  in  the  other.  In  another  case  of 
closure  the  fellow  eye  exhibited  the  picture  of  albuminuric  retinitis.J  In  clo- 
sure  of  the  central  vein,  disease  of  the  retinal  vessels  Is  usually  found  on 
microscopic  examination,  although  the  degenerative  changes  may  not  have 
been  sufficiently  advanced  to  produce  visible  opacity  of  the  walls  when 
viewed  with  the  ophthalmoscope.  In  Schönewald's  18  cases,  retinal  angio- 
sclerosis  was  ophthalmoscopically  observed  in  nine.  Syphilis  is  rarely 
mentioned  as  a  causative  factor,  but  should  be  carefuUy  sought  for  when 
retinal  thrombosis  appears  in  young  people.  Nephritis  and  diabetes,  by 
producing  vascular  degeneration,  are  causes  of  thrombosis  but  when,  as 
is  common  in  these  diseases,  thrombosis  occurs  in  a  branch  vein,  it  is 
associated  with  such  wide-spread  inflammatory  and  exudative  conditions 
that  the  ophthalmoscopic  picture  is  classed  as  retintis  of  albuminuric  or 
diabetic  origin.  Thrombosis  is  not  uncommon  after  influenza  and  in  a 
considerable  proportion  of  cases  it  forms  in  the  central  vein.§  In  other 
microbic  and  exhausting  diseases  thrombosis  of  the  central  vein  is  rare, 
(marantic  thrombus).     Würdemann  saw  a  case  following  mumps,  in  a 

^AmonfiT  Amman's  20  cases,  13  were  accustomed  to  gardening  and  2  were  smiths. 
Haab  also  mentions  posture  as  exerting  an  influence  upon  thrombus  formation. 

tGoh's  case  of  septic  thrombosis  is  omttted. 

tSchönewald  collected  18  cases  of  thrombosis  of  the  central  vein.  There  was 
general  arteriosclerosis  in  7,  grave  heart  disease  in  3  and  pulmonary  emphysema  in  2. 
Four  developed  glaucoma  and  one  died  from  cerebral  apoplexia. 

§Three  of  Coat's  16  cases  followed  grip.  In  cases  of  intraocular  trouble  follow- 
ing grip,  the  accessory  nasal  sinuses  should  be  carefully  examined. 
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boy  eight  ycars  of  age.   Goh  cxamined  the  eyes  of  a  man  25  ycars  of  age  ' 
who  died  from  "  sepsis  hemorrhagica."     There  was  a  hyaline  thrombus 
in  the  right  central  vein.     In  the  left  eye,  several  retinal  vessels  and  a    1 
choroidal  vein  were  closed  by  thrombi.  i 

Thrombosis  is  favored  by  certain  changes  in  the  composition  of  the 
blood,  particularly  anemia.  In  pernicious  anemia.  cascs  are  rcported  by 
Moses  and  Michel.  Both  Bondi  and  Michel  have  seen  cases  in  Icukemia. 
The  One  serious  compücation  of  chlorosis  is  thrombosis  and  sometimea 
this  occurs  in  the  central  vein  (Clcrmont,  Ballaban).  Haab  has  obscrved 
retinal  thrombosis  in  the  intense  anemia  of  pregnancy.     Michel  thinks  that 


incomplete   thrombosis  of  the  ret 
anemia  of  malignant  growths. 

In  orbital  cellulitis  closure  of 
thrombosis  or  proüferating  vasci 
tense  inflammation  and  exophtl 
originate    in    accessory  sinus   di 
orbit,  etc. 

An  abnormal  course 
thrombus   formation.      I 
central  vein  formed  loop»  l 
■tuosity  of  the  vetn  also  i' 

Other  conditions  wl 
the   central    vein   are:   suppression 
customary  hemorrhoidal  bleeding;  extensi' 


n  is  common   in  Übe  cachectic 

loth  central  vesscis  occurs  from 
hese  cases  are  attended  by  irj- 
tiey  are  of  mJcrobic  origin  and 
ial   erysipelas,    wounds  of   the 

:in  predisposes  to  scicrosis  and 
ases  examincd  by  Harms  the 
;  from  the  nerve  sheath.  Tor- 
h,  Welt,  Yamaguci  and  Coats. 
pposed  to  cause  thrombosis  of 
nses;  mcnopause;  cessation  of 
^e  burns  of  the  skin;  poisoning 
by  phosphorous  and  by  nitro-benzol.  In  the  condition  last  named  the 
fundus  presents  a  violet  color  and  the  blood  vessels  appear  inky-black. 

A  few  cases  have  been  reported  of  central  vein  closure  in  young 
people.  especially  women,  in  whom  neither  circulatory  or  other  systemic 
change  could  be  found.  Coats  mentions  such  a  case  in  a  young  wonian 
who  recovered  normal  vision.  Parsons  reported  a  case  in  a  young  woman 
with  irregulär  menstruation,  who  recovered  with  vision  of  6/9.  I  have 
obscrved  a  similar  case. 

Stereogram  47.  Obstruction  of  Central  Vein  with  Neuritis 
(Hemorrhagic  Neuroretinitls).  Unmarried  woman,  28  years  of  age. 
Menses  commonly  delayed  three  or  four  months.  Right  eye  normal. 
Left  eye  vision  20/200.  Aside  from  menstrual  disorder  nothing  abnormal 
could  be  discovered  by  the  most  exhaustive  examinations. 

Fundus  Conditions.  The  optic  disc  is  edematous  and  slightly 
swollen.    The  height  of  the  swelling  does  not  exceed  2  D.  (.66  mm.).  The 
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entire  retina  is  edematous  and  covcred  with  scattered,  striate  and  round 
hemorrhages.  The  veins  arc  dilated  and  tortuous,  especially  the  ascend- 
ing  branches.  The  arterics  are  somewhat  obscured  by  retinal  edema  but 
otherwise  they  appear  normal.  Pressure  on  the  eye  empties  all  veins  on 
the  disc  with  the  exception  of  the  ascending  temporal.  The  appearance  of 
the  veins  on  the  disc  after  recovery,  indicated  that  the  obstructive  path- 
ologic  process  was  anterior  to  the  lamina  cribrosa  and,  probably,  involved 
the  temporal  veins  after  they  emerged  from  the  nerve.  This  Situation 
of  the  obstruction  (phlebitis  or  thrombus)  may  have  caused  the  nerve 
to  swell.  The  hemorrhages  were  gradually  absorbed  and  vision  was  re- 
stored  to  2^/30  where  it  has  remained  for  the  past  eight  years.  The 
appearance  of  this  fundus  after  recovery  is  shown  in  Stereogram  49. 

DiAGNOSis.  In  this  case  the  nerve  is  swoUen  but  not  enough  to  pro- 
duce  hemorrhages.  Here,  the  amount  of  bleeding  and  retinal  edema  is 
greater  than  would  occur  in  any  obstruction  due  to  mere  swelling  of 
the  nerve.  Pressure  on  the  eye  empties  the  veins  indicating  an  incom- 
plete  dosure  of  the  central  vein  of  the  retina,  i.  e.,  a  thrombus  of  the 
second  class. 

Anatomical  Characters.  It  has  been  demonstrated  that,  in  the 
great  majority  of  cases,  the  ophthalmoscopic  picture  of  severe  hemorrhagic 
retinitis,  already  described,  is  due  either  to  thrombosis  or  obliterative 
Phlebitis  of  the  central  vein,  or  both  combined,  very  rarely  to  pressure  on 
the  vein  (Yamaguci).  Other  causes  which  have  been  advanced  but  not 
universally  accepted  are:  hemorrhagic  infarct  from  closure  of  the  central 
artery;  multiple  emboli  or  thrombi  in  the  retinal  veins  or  arteries;  de- 
generative changes  in  the  retinal  vessels  and  hemorrhage  into  the  substance 
of  the  optic  nerve. 

In  Order  properly  to  estimate  the  value  of  the  pathological  findings 
in  a  given  case,  knowledge  of  the  methods  employed  in  making  the  exami- 
nation  is  necessary.  Formerly,  it  was  the  practice  to  section  the  globe  and 
optic  nerve  longitudinally  or  to  cut  off  the  nerve  close  to  the  globe  and 
section  it  transversely.  In  1900,  Haab  pointed  out  that  both  these  methods 
were  defective,  inasmuch  as  in  longitudinal  sections  an  obstruction  in  a 
vessel  is  exceedingly  apt  to  be  overlooked,  while  in  nerves  cut  off  from 
the  eyeball,  the  usual  site  of  a  thrombus  in  the  lamina  cribrosa  was  not 
removed  and  examined  with  the  nerve.  By  the  present  method  trans- 
verse  sections  of  the  nerve  and  posterior  segment  of  the  eye  are  so  made 
as  to  include  the  lamina  and,  furthermore,  every  section  is  microscopically 
examined,  otherwise  failure  to  discover  an  obstruction  in  a  central  vessel 
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18  not  concluiive  evidcnce  that  it  docs  not  cxist.  Michel  goes  ftirther  and 
does  not  consider  that  closure  of  thc  central  vein  can  be  excluded  unless 
thc  posterior  ciids  oi  thc  central  vessels  are  cxamincd.  cspecially  thc 
sharp  bcnd  madc  by  them  bcforc  passiiig  out  of  the  nerve  and  at  thcir 
passage  through  thc  nerve  sheaths,  two  points  which  anatomically  favor 
thrombus  formation, 

Coats  says  the  vcin  has  been  found  closed  at  some  point  in  every 
case  prwenting  the  ophthahnoscopic  pirturc  of  thrombosis  in  which  the 
optic  nerve  and  lamina  cribrosa  havc  been  sectioned  transversely  and 
evcry  section  examJned.*  Harms  examined  10  cascs,  In  1  the  luraen 
mesophlebiiis,  anÜn  6  by  an 
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hold  that  thrombosis  is 
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lologic  literature  which  hc 
i  reported  as  such  he  regards 
;rhofl  believes  that  most  cases 
iry  cndovas'-ular  proliferation. 
;tinal  thrombosis  be  caused  by 
conception  is  founded  on  the 
ifarction,  in  which  the  anemic 
conics  fiUed  with  extravasated 
an  infarct  has  been  the  subject 
rhow  suggested  all  the  theories 
which  have  since  prevalied  but  dld  not  adopt  any  of  them.  In  1860 
Cohn  proved  that  hemorrhagic  infarct  was  not  due  to  reBux  of  blood 
from  the  veins  into  the  anemic  area.t  Litten,  rcpeating  thc  cxperiments 
of  Cohn,  reached  a  similar  conclusion,  i.  e.,  that  the  blood  in  hemorrhagic 
Infarction  does  not  come  from  the  veina,  but  from  the  capillaries  and 
small  collaterals  of  the  surrounding  vascular  tissue;  that  hemorrhagic  in- 


•He  microscDpically  examined  IC  cases,  Tn  14  the  vein  wa?  closed  by  an  organ- 
ized thrombus;    in  1  liy  endophlebitis,  and  in  1  llie  Undings  were  inconclusive. 

+  Of  the  thrombus  cases  Iwo  were  associated  with  advanced  disease  tit  thc  central 
artery.  three  with  dis-tase  of  the  vein  wall  al  the  site  o(  thrombosis  and  in  one  the 
thrombus  (ormed  in  an  apparenily  normal  vcin.  In  three  cases  the  morbid  anatomy 
was  not  detcrmined  owing  to  imperfect  methods  of  examinaiion. 

%  The  foUowing  experiments  which  have  been  succcssfulty  repealed  by  many  in- 
vestieators,  orove  that  blood  does  not  enter  an  infarct  by  backflow  from  the  veins: 
1.  In  a  region  where  lying  an  artery  always  caufes  hemorrhage,  if  boih  artery  and 
veins  are  tied,  so  Ihat  no  backflow  can  take  place,  blecdinp  still  occurs.  in  fact.  it  ia 
greatly  increased.  2.  In  a  region  whcre  tying  an  artery  ig  not  followed  by  hemor' 
rhage,  if  both  artery  and  veins  are  tied.  bleeding  occurs.  3.  If  all  direct  and  collaterKl 
vessels  to  a  region  are  tied  except  the  veins,  necrosis  cnsues  but  no  hemorrhage. 
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farctton  does  not  take  place  in  a  true  terminal  vascular  System  and, 
**  thcrcfore,  cannot  occur  in  the  retina."  These  views  prevail  at  the  prcsent 
timc.  Notwithstanding  the  experiments  of  Cohn  and  Litten,  the  theory 
of  regurgitant  flow  from  the  veins  was  adopted  by  Conheim  in  1878, 
a  false  doctrine,  which  thus  acquired  an  impetus  that  has  scarcely  sub- 
sided  to  this  day.  Naturally,  the  theory  of  hemorrhagic  infarction  has 
been  applied  to  cases  of  severe  retinal  bleeding  in  which  no  obstruction  was 
discovered  in  the  central  vein.  Opposed  to  this  view  are  such  authorities  as 
Haab,  Michel,  Coats  and  Harms,  who  are  convinced  that  hemorrhagic 
rctinitis  does  not  result  from  obstruction  of  the  central  artery.  Thcy 
admit  that  in  these  cases  the  artery  may  be  obstructed  but  insist  that  the 
vein  also  will  be  found  closed  if  the  specimen  is  examined  with  sufEcient 
care.  It  is  a  matter  of  common  Observation  that  closure  of  either  the 
central  artery  or  its  branches  is  not  usually  followed  by  severe  hemorrhage. 
Haab  cites,  from  21  authors,  39  cases  of  arterial  branch  closure  in  which 
no  trace  of  bleeding  occurred,  while  only  two  authors  were  found  who  saw 
faint  traces  of  hemorrhage.  On  the  other  band,  in  the  cases  microscopically 
examined  by  Wagenmann,  Stölting,  Knall,  Meyerhoff,  Reimer  and  Oat- 
man,  hemorrhagic  retinitis  was  attributed  to  obstruction  on  the  arterial  side 
of  the  circulation.  The  majority  of  these  cases  were  sectioned  by  the  older 
methods  and,  therefore,  the  findings  cannot  be  considered  as  final.  This 
criticism,  however,  cannot  be  applied  to  either  Reimer's  or  my  own  case 
(page  112-113)  of  hemorrhagic  retinitis  in  which  no  obstruction  was  found 
in  the  central  vein  while,  in  both  cases,  nearly  complete  closure  existed  in 
the  central  artery.  Reimer  thinks  that,  in  bis  case,  the  course  of  events 
was  temporary  closure  of  the  central  artery  followed  by  restoration  of 
circulation,  at  which  time  the  retinal  branches  gave  way  and  hemorrhage 
occurred.  This  theory  would  be  better  sustained  if  there  was  any  clinical 
or  microscopic  evidence  that  a  period  of  retinal  ischemia  preceded  the 
bleeding.  The  mcchanism  of  the  hemorrhage  in  these  cases  is  best  ex- 
plained  by  the  theory  of  heniorrhagic  infarction,  which  Reimer  avoids. 
In  none  of  the  discussions  upon  retinal  hemorrhage  have  I  seen  any 
reference  to  the  important  experiments  of  Wm.  H.  Welch,  which  con- 
clusively  demonstrate  that  hemorrhagic  infarction  may  occur  in  a  terminal 
vascular  System,  like  the  retinal,  and  that  the  blood  does  not  neces- 
sarily  come  either  from  collateral  or  venous  sources.  The  experiments 
were  made  on  dogs.  All  vessels  communicating  with  the  intestine  were 
ligated  except  the  main  artery  and  vein.  A  loop  of  intestine  was  then 
tied  above  and  below  so  as  to  shut  off  all  possible  sources  of  collateral 

10 
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blood.  Thus,  a  terminal  vascular  System  was  artificially  created.  So  far, 
no  bleeding  occurred.  Now,  the  artery  was  gradually  constricted  and  re- 
peated  measurements  showed  that  hemorrhagic  infarction  tnvariably  oc- 
curred when  the  blood  pressure  was  thus  reduced  to  %  or  %  of  normal. 
If  the  artery  was  further  constricted  and  blood  pressure  feil  below  this 
point,  no  hemorrhage  took  place.  It  was  noticed  that  bleeding  always 
occurred  just  when  gradual  compression  arrested  lateral  pulsation  (pulse 
wave)  in  the  artery.  During  these  experiments,  at  no  time,  was  the  cir- 
culation  entirely  arrested.  Welch  explains  the  hemorrhage  which  fol- 
lowed  incomplete  closure  of  the  artery  as  foUows.  The  escape  of  blood, 
when  pressure  falls  to  about  V\  of  normal,  depends  upon  certain  Physio- 
logie propertics  of  blood  corpuscies,  principally  viscosity,  by  which  thcy 
stick  to  the  walls  of  the  vessel  when  not  dislodged  by  the  normal  pulse 
wave,  and  thus  time  Is  given  them  to  squeeze  out  between  the  endothelial 
cells.  They  pass  out  of  the  vessel  entirely  by  diapedesis  and,  as  diapedesis 
requires  a  certain  amount  of  pressure,  no  blood  escaped  when  the  blood 
pressure  was  reduced  below  a  certain  minimum.  These  experiments 
indicate  the  possibiüty  of  hemorrhagic  infarction  resulting  from  incom- 
plete closure  of  the  central  artery.  Undoubtedly,  intraocular  pressure 
tends  to  prevent  hemorrhagic  infarction  in  the  retina.  It  usually  occurs 
where  tissue  resistance  is  low,  as  in  the  spongy  lungs  or  soft  mucosa  and 
sub-mucosa  of  the  intestines.  Further  experiments  by  Welch  were  as 
foUows.  Rapid,  complete  closure  of  the  artery  with  the  vein  open  was 
foUowcd  by  ischemia  but  no  bleeding,  which  corresponds  with  clinical  ex- 
perience  in  closure  of  the  central  artery.  With  the  artery  open,  ligature  of 
the  vein  was  foUowed  by  intense  congestion  and  hemorrhage,  as  occurs 
in  thrombosis  of  the  central  vein. 

The  foUowing  explanations  have  been  offered  to  account  for  general 
hemorrhagic  retinitis  in  special  cases.  Harms  is  disposed  to  accept  mul- 
tiple thrombi  in  the  retinal  veins,  without  thrombosis  of  the  central  vein, 
as  causative  for  two  of  his  doubtful  cases.  Coats  admits  the  possibility 
of  such  an  event  but  doubts  its  occurrence.  Alt  and  Ischeret  each  found 
thrombi  in  the  retinal  veins  but  no  closure  of  the  central  veins.  Both 
Wagenmann  and  Stölting  found  multiple  thrombi  in  the  retinal  arteries 
with  a  free  lumen  in  the  central  vein.  Deutschmann  diagnosticated, 
"  closure  of  the  central  vein  from  hemorrhage  into  the  substance  of 
the  optic  nerve,"  an  opinion  generally  regarded  as  erroneous. 

The  central  vein  like  the  artery  usually  is  obstructed  in,  or  close 
behind   the   rigid   lamina   cribrosa.      Occasionally   obstructions    form   in 
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other  parts  of  its  course.  Thrombi  have  been  found  by  Alt  and  Wehrli 
anterior  to  the  disc.  In  one  case  by  Michel,  the  thrombus  extended  from 
the  paptlla  to  the  exit  of  the  vein  from  the  nerve  and  in  another  it  was 
found  6  mm.  behlnd  the  lamina.  Yamaguci  found  a  thrombus  where  the 
vein  was  compressed  as  it  passed  out  through  a  greatly  thickened  nerve 
sheath. 

Authors  agree  upon  the  histologic  structure  of  obstructions  found  in 
the  central  vein,  but  differ  as  to  their  interpretation.  The  chief  difEculty 
is  to  differentiate  an  organized  thrombus  from  endophlebitis.  This  arises 
from  the  fact  that  after  a  vein  has  been  closed,  either  by  primary  wall 
disease,  thrombosis  or  both,  secondary  changes  ensue  which  in  a  short 
time  present  the  same  microscopic  picture,  whichever  may  have  been  the 
original  cause  of  ocdusion. 

Thrombosis.  A  thrombus  may  form  in  the  central  vein  as  a  result 
of  local  inflammation,  manifested  microscopically  by  dense,  round  celled 
Infiltration  of  the  vessel  walls.  Such  cases  are  rare  and  generally  occur  in 
the  young,  especially  in  those  affected  with  gout,  rheumatism,  influenza 
and,  probably,  in  menstrual  suppression.  In  the  most  common  form, 
which  occurs  in  the  aged,  there  may  be  proliferation  of  endothelium  but 
no  inflammatory  thickening  of  the  walls.  Thrombus  formation  in  these 
cases  is  ascribed  to  changes  in  the  endothelial  cells  and  slowing  of  the 
blood  current,  perhaps  from  obstructive  disease  in  the  central  artery. 
Slowing  of  the  current  alone  is  insufficient  to  produce  thrombosis  as  shown 
by  the  following  experiment.  If ,  in  a  living  body,  two  ligatures  are  carefuUy 
applied  to  a  blood  vessel,  so  as  not  to  injure  the  inner  coats,  the  enclosed 
blood  remains  fluid  for  weeks  (Glennard,  Baumgarten).  Von  Reckling- 
hausen regards  slowing  of  the  current  less  productive  of  thrombus  than 
whirling  and  eddying  of  the  blood  as  occurs  where  a  vein  is  constrictcd  or 
bent.  The  so-called  marantic  thrombus  does  not  result  from  increased  co- 
agulability  of  the  blood,  but  from  lesions  in  the  lining  of  the  vein  due  to  in- 
fective  phlebitis.  Wright,  by  employing  selective  stains,  usually  has  been 
able  to  demonstrate  bacteria  in  marantic  thrombi. 

Thrombi  form  in  the  central  vein  by  the  same  processes  as  else- 
where.*     Coincident  with  the  formation  of  a  thrombus,  the  mass  is  in- 


♦(1)  White  thrombus— dt^sited  by  the  circulating  blood  and  consisting  of  blood 
platelets  and  fibrin.  The  deposit  is  qiiickly  invaded  by  leucocytes.  (2)  Red  thrombus,  or 
blood  clot.  which  represents  blood  suddenly  arrested  and  coagulatcd  en  masse.  This  variety 
consists  of  red  and  white  corpuscies  and  fibrillated  fibrin.  The  white  corpuscles  may  be  in 
excess.  (3)  Mixed  thrombus,  which  results  from  the  deposit  of  white  material,  by  circu- 
lating blood,   upon  the   exposed   surface   of   an   incomplete   red   thrombus.     (4)  Hyaline 
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vaded  by  phagocytes  which  procccd  to  removc  the  blood  elemcnts.  In 
large  vessels  the  further  processes  of  Organization  are  carried  on  largely 
by  the  media,  advcntitia  and  especially  the  vasa  vasorum,  but  in  small 
vessels  the  sizc  of  the  central  vein,  the  early  stages  arc  carried  on  almost 
entirely  by  the  endothelial  cells  of  the  vein,  which  prolifcrate  and  replace 
the  thrombus.  Connective  tissue  cclIs  push  in  from  the,  walls  and  sur- 
rounding  tissue  and  form  fibrous  septa,  Spaces  may  form  in  the  thrombus, 
become  lincd  with  cnJothelium  and  lilled  with  blood  by  new  vessels  which 
enter  from  the  vasa  vasorum  (Figs.  97-98).  From  this  point  the  process 
of  Organization  may  pursue  either  of  two  courses.    In  one,  the  new  formed 


Blood  Channels  may  enlarge  and  coni 

the  occluded  portion  of  the  vein.    This  is  i 

and  has  been  observed  in  the  central  veii 

gunin  and  Verhoff*  (Fig.  97).    Can 

In  the  other  course,  the  cellular  depo 

and  the  vein  is  gradually  converi 

of  time,  becomcs  indistinguishabi 

(Fig.  92).      Under  ordinary  co 

Started  within  a  weck,  but  may 

bacteria,  or  the  Walls  of  the  vein  . 

furnish  new  tissue.     After  a  thi 

cells  or  fibrous  connective  tissue, 

determine  whether  the  priniary  obstruction  VaS  a  thrombus  or  the  prod^ 

ucts  of  endovascular  proliferation.     In  either  case  the  lumen  finally  is 

closed  by  proliferative  vasculltls.     The  appearance  of  the  vessel  in  front 

of,  and  behind  the  point  of  closure,  may  assist  in  diagnosticating  the 

nature  of  the  obstructinn.    Thus,  a  thrombus  terminates  at  the  point  where 

the  first  large  brauch  enters  the  velnt  (Fig.  96). 

Certain  peculiarities  in  the  anatomy  of  the  central  retinal  vein  should 
be  described.    In  the  optJc  nerve  the  central  artery  consists  of  three  layers. 
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thromhvs.  This  varietv  oceurs  in  toxic  and  infectioüs  coiidilions.  It  Js  produced  by  ag- 
glutination  (nol  coagiitation )  of  red  rorpuscica  which  undergo  hemolysis  and  form  a  trana- 
lucenl  materlal  which  takps  Weigerl's  filirin  staiii.  These  distinclions  are  recognizable  only 
in  ihromhi  of  rectnt  formiition,  owinn  to  changes  produced  by  the  processes  of  organtTa- 
tion   which   immediately   ensue. 

'Verhoff   regarda   [hc  process  of  canalization  as  a  form   of  dissecting  aneurism. 

t  Harms  differentiates  venous  obstnictions  as  follows.  An  embolut  always  excttes 
extensive  proliferaiion  of  Ihe  intima  both  in  front  and  behind  the  point  of  lodgnient 
In  llirntnbos's.  on  the  proximal  side,  the  lumen  is  narrowed  from  infiltration  and  ihickening 
of  ihe  walls  but  ihere  is  no  proliferation  of  the  intima.  On  the  distal  side  slighi  intimal 
proliferation  somctimes  occnrs.  Primary  phtebosderosis  is  diagnoslicated  when  nigh  grade 
inflammnlory  thickening  of  the  wall  exists  on  both  sides  of  the  obstruction. 


FtK-  9«— A  Uigc  Collalml  Brauch 
joining  thc  Cmiral  Vchi  at  thc  poini 
where   3    Tliri>itii 


FiK.  91 — Ciinaliintion  oF  a  Thrombus, 
tii-  to  the  Formation  of  Coalescing 
<|);i<:es  which  bccomc  LüimI  wilh  Hndo- 
li«1miii.  VVnlls  of  Vrin  Infillralrit  wilh 
-Miiiifctivc  Ti^siit. 


FlK.  Ö8— Anollier  instancc  of  f"- 
called  Cannlization.  In  both  l'"iKs 
97  and  38.  Ihe  Vasa  Vasorum  ;iiiil 
Venuic!  of  thc  Opiie  Nervt  :irc  F.n- 
larRed. 


^ 


Central   Vein   Clu^oil   by   Plilchiiis   am]   Thrombi 


Sderosi^   of   Cenlral    Vein. 
Walls  ihickeiieil  by  priiliferntioii  of  celli  rcscmbliujj  ihe  tndol 
(Seclion  :i  ni.m,  behind  fjlobe.) 
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i.  €.,  adventitia,  media  and  intima.  The  intima  of  the  artery  is  distinguished 
from  that  of  the  vein  by  the  presence  of  a  homogeneous  elastic  membrane, 
while  the  vein  consists  only  of  an  endothelial  lining  restlng  upon  a  thin 
wall  of  fibrous  tissue.  Although  the  walls  of  the  vein  contain  no  elastic 
membrane,  they  do  contain  a  large  number  of  individual  elastic  fibers. 
In  phlebosclerosis,  proliferation  of  elastic  tissue  may  be  the  dominant 
factor  in  thickening  the  walls.  In  such  cases  the  vein  is  microscopically 
diSerentiated  from  the  artery  by  employing  a  selective  stain  for  elastic 
tissue  which  will  exhibit  the  crenated  membrane  of  the  artery  as  a  ho- 
mogeneous structure  which  cannot  be  further  resolved  by  the  microscope, 
while  new-formed  elastic  tissue  in  a  vein  consists  of  individual  fibers. 

In  phlebosclerosis  of  the  central  vein,  the  walls  usually  are  densciy 
iniiltrated  with  cells.  Later,  the  infiltration  assumes  the  form  of  connective 
tissue  (Fig.  97).  In  other  cases  the  predominant  factor  is  an  exuberant 
proliferation  of  cells  resembling  the  endothelial  (Fig.  100).  These  proc- 
esses  may  greatly  reduce  the  calibre  of  the  lumen  without  producing  oc- 
dusion.  In  such  <:ases  the  vein  is  lined  by  a  smooth,  well  preserved  layer 
of  endothelial  cells,  over  which  the  blood  glides  with  increased  velocity 
without  depositing  a  thrombus.  When,  however,  this  endothelial  lining 
degenerates  or  is  lost,  a  thrombus  forms  and  the  vein  is  closed  by  the 
combined  process  of  phlebitis  and  thrombosis  (Fig.  99).  In  other  cases 
the  vein  may  be  completely  closed  by  cellular  proliferation  alone.  The 
latter  process,  undoubtedly,  is  responsible  for  closure  of  the  central  vein 
in  a  large  proportion  of  the  cases  reported  as  thrombosis.  The  following 
is  an  example  of  a  vein  closed  by  this  method."*" 

W.  Z.  Male,  54  years  of  age.  Had  general  arteriosderosis.  Left 
eye.  The  first  ophthalmoscopic  examination  revealed  retinal  hemorrhages 
and  neuritis.  Four  years  later  he  returned  to  the  clinic  with  intravitreous 
hemorrhage  and  high  intraocular  tension.  Recurrent  bleeding  from  the 
iris  and  deeper  parts  continued  for  the  next  six  weeks  when  the  eye  was 
enucleated.  The  most  interesting  pathological  feature  was  found  in  the 
condition  of  the  central  vein.  Commencing  about  3  mm.  behind  the  globe, 
the  walls  of  the  vein  were  infiltrated  with  epitheloid  and  round  cells  which 
thickened  the  walls  at  the  expense  of  the  lumen  (Fig.  100).  Infiltration 
and  proliferation  increased  towards  the  eye,  gradually  encroaching  upon 
the  lumen  until,  in  the  lamina  cribrosa,  the  lumen  was  obliterated  and  the 
vein  replaced  by  cells  and  organizing  connective  tissue  (Fig.  101).     No 


♦From  the  Brooklyn  Eye  and  Ear  Hospital.    Service  of  Dr.  Henry  H.  Waugh. 


150 


THE    FUNDUS  OCULl. 


blood  corpusdes  or  capillaries  existed  in  thc  occiuding  mass.  The  In- 
terpretation of  these  findings  was,  endophlebitis  proliferans.  The  process 
commenced  in  the  intlma,  the  Infiltration  cxtending  thence  to  the  walls 
(Periphlebitis). 

Clinical  History.  Contrary  to  general  cxperience,  Haab,  In  cases 
of  central  vein  closure,  has  met  with  prodromata  in  the  form  of  phosphenes 
and  temporary  obscurations  of  vision.  Where  such  a  history  exists,  disease 
of  both  central  vessels,  or  increased  intraocular  tension  should  be  suspected. 
Almost  invariably,  one  eye  only  is  affected,  which  illustrates  the  local 
character  of  vascular  disease.     The  ' —  ^"'ateral  cascs  which  havc  becn 


reported  arose  in  the  course  of  acute 
and  Grönow's  case  in  which  closui 
by  three  days  of  unconsciousness. 
be  abolished  or  rcduccd  to  > 

howcver,  vision  disappears  . 
cessive  hemorrhages.  Mi 
on  awakening  in  the  morr 
eye.  In  such  cases  it  may  b 
formation.  which  occurs  di 
blood  pressure  low.  It  hau 
prodromata  point  to  closu 
dophlebitis.    Location  of  hemunu. 


ans  as  in  Goh's  case  of  sepsis 
h  central  velns  was  preceded 
ant  cases  vision  may  suddenly 
[lt.  In  the  majority  of  cascs, 
rianner,  corresponding  to  suc- 
at  attacks  frequently  appear 
of  clouds  and  fog  before  the 
cal  conditions  favor  thrombus 
he  circulatlon  is  slow  and  the 
t  rapid  onset  and  absence  of 
y  thrombosis  rather  than  en- 
'  Tiportant  Influence  on  vision. 


Thus,  in  cases  of  moderate  severity  vision  will  be  very  low  if  bleeding  has 
occurred  in  the  macula,  whüe  in  severe  cases  considerable  vision  may  be 
present  if  the  macula  has  escaped.  Cases  occurring  in  the  course  of 
retinal  arteriosclcrosis  may  show  temporary  improvement  in  vision  from 
absorption  of  hemorrhages,  but  frequently  bleeding  rccurs,  the  vitreous 
becomes  hazy  and  total  blindness  ensues.  Somctlmes  violcnt  glaucoma  de- 
velops  and  the  eye  is  enucleated  for  relref  of  pain.  In  incomplete  closure 
a  ccrtain  amount  of  \ision  may  be  pcrmanently  recovered.  In  vcry  rare 
cases,  usually  In  the  young,  vision  may  be  nearly  or  completely  restored 
after  closure  of  the  central  vein.  After  recovery  some  evidencc  of  previous 
disease  remains,  such  as  slight  pallor  of  the  dlsc,  tortuosity  of  velns,  new 
formed  vessels  or  delicate  membranes  (Stergm.  49).  In  the  majority 
of  cases,  prognosis  is  bad  for  the  affected  eye.  As  to  the  fellow  eye, 
almost  positive  assurance  can  be  given  that  it  will  not  sufler  from  the 
same  disease.  The  presence  of  white  areas  in  the  retina  Indicates  profound 
nutritive  dlsturbance  and  they  are  of  serlous  import  as  regards  vision.  The 
after-history  of  retinal  thrombosis  has  not  been  traced  in  a  sufficient 
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number  of  cases  to  assist  in  estimating  the  subsequent  duration  of  life. 
Such  prognosis  must  depend  upon  the  systemic  conditions  which  caused  clo- 
surc  of  the  vcin.  Two  of  Coats'  cases  developed  Symptoms  of 
cerebral  thrombosis.  He  watched  five  other  cases  for  periods  vary- 
ing  from  one-and-a-quarter  to  five  years,  all  of  whom  remained  in  good 
health.  Three  cases  which  I  have  foUowed  for  seven,  five  and  three  years 
respectively,  are  all  in  good  physical  condition.  In  the  retinal  thrombosis 
affecting  young  women  with  irregulär  menses  the  prognosis  appears 
good  as  regards  both  vision  and  duration  of  life. 

COMPLICATIONS.  Closure  of  the  central  vein  not  infrequently  is 
followed  by  inflammatory  glaucoma.  The  percentage  of  cases  in  which  this 
occurs  has  not  been  ascertained.  Its  frequency,  however,  may  be  in- 
ferred  from  the  fact  that  Coats  was  able  to  collect  16  cases  within  a  period 
of  four  years.  Wilbrand  and  Saenger  give  the  exact  time  which  elapsed 
between  closure  of  the  vein  and  onset  of  glaucoma  in  40  cases.  Omitting 
onc  case  in  which  ten  years  elapsed,  the  average  time  was  14  weeks, 
varying  from  two  days  to  fifty-two  weeks.  I  have  observed  one  case  of 
retinitis  hemorrhagica  followed  by  iritis  without  glaucoma. 

Cases  of  thrombosis  which  first  come  under  Observation  in  a  glau- 
comatous  condition,  usually  escape  detection  from  inability  to  elicit  a 
reliable  history.  The  foUowing  is  of  diagnostic  value  in  determining  the 
sequence  of  events.  Primary  thrombosis  of  the  central  vein  is  nearly 
always  unilateral,  while  primary  glaucoma,  nearly  always,  is  a  bilateral 
disease.'*'  If  hemorrhagic  retinitis  was  preceded  by  the  prodromata  of 
glaucoma,  namely,  temporary  obscurations  of  vision,  iridescent  halo 
around  artificial  lights,  premature  presbyopia,  periorbital  pain  with  red- 
ncss  of  the  eye,  and  especially  if  Symptoms  of  glaucoma  exist  in  the 
other  eye,  it  may  be  assumed  that  glaucoma  antedated  the  hemorrhages. 
On  the  other  band,  if  all  these  Symptoms  werc  absent,  and  if  the  glaucoma 
Is  limited  to  the  hemorrhagic  eye  and,  furthermore,  if  loss  of  vision 
was  rapid  and  appeared  first  on  waking  from  sleep,  the  case  may  be  con- 
sidered  one  of  primary  thrombosis  of  the  central  vein  with  secondary 
glaucoma.  The  expulsive  hemorrhage  which  occurs  in  glaucoma  after 
Operations,  or  even  spontaneously,  is  subretinal  and  supposed  to  come 
from  the  choroid.  The  depth  of  the  anterior  Chamber  is  of  diagnostic 
importance.    Coats  has  brought  out  the  important  point  that  in  glaucoma 


♦v.  Graefe  regarded  the  association  of  retinal  hemorrhages  and  glaucoma  as  too  fre- 
quent  to  be  merely  coincidental.  His  Observation s  were  made  in  1869,  before  thrombosis  of 
the  central  vein  was  described  and  separated  from  glaucoma. 
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following  closurc  of  thc  central  vein,  the  anterior  Chamber  is  not,  as  a  I 
niie,  shallow.  In  12  cascs  which  he  microscopically  cxamined  and  notcd  I 
the  depth  of  thc  chambcr,  it  was  normal  or  increased  in  11,  and  rather  1 
shallow  in  one.  Thcrcfore,  in  a  givcn  case  of  monolatcral  glaucoma,  in  J 
which  loss  of  Vision  antcdatcd  pain  in  thc  eye  and  the  fundus  cannot  he  Seen,  J 
if  the  anterior  chambcr  is  vory  shallow,  an  intraociilar  growth  is  suspected.  J 
If,  however,  the  chambcr  is  of  normal  or  increased  depth,  thls  Is  evldence  in  [ 
favor  of  primary  throtnbosis  of  the  central  vein.  A  deep  anterior  chambcr  1 
is  of  more  diagnostic  valuc  than  a  shallow  one,  inasmuch  as  in  all  casei  J 
of  long  Standing  glaucoma,  subject  to  recurring  inflammatory  attacks,  the  1 
area  of  adhesion  betwcen  the  iris  and  cornea  will  gradually  incrcase  undt  f 
the  anterior  Chamber  is  oblitcrated,  as  In  the  following  casc.* 

Male,  54  years  of  age,  The  right  eye  had  been  in  a  condition  of  j 
inflammatory  glaucoma  for  sevcral  months.  There  was  no  perception  of  ] 
light,  The  loss  of  vislon  preceded  i"  in,  The  anterior  chambcr  wa»  * 
shallow.  No  view  of  thc  fundus  coul  be  obtained.  Left  eye,  normal. 
Evidently,  this  was  a  case  of  con 


or  tumor.     Considering  the  dui» 
shallow  chambcr  was  not  of  dli 
ocular  growth.     The  eye  w: 
found.    The  optic  nerve  and  j 
transverscly  and  cvery  sectiou  c 
lamina,  the  central  vein  was  oc 


secondary,  eithcr  to  thrombosis 
the  inflammatory  glaucoma,  thc 
importance,  but  pointed  to  intra- 
1  and  cxamined.  No  tumor  was 
;gment  of  the  eye  were  sectioncd 
1.  In  the  posterior  part  of  the 
by  a   well   organlzed  thrombus. 


Behind  the  thrombus,  for  a  distance  ot  4  mm.,  the  vein  was  filled  with  a 
disorganized  blond  clot,  which  termlnatcd  at  a  potnt  where  a  large  col- 
lateral  joined  ttic  central  vein  (Fig.  96),  The  diagnosis  was,  glaucoma  sec- 
ondary to  thrombosis  of  the  central  vein. 

The  mechanism  by  which  closure  of  the  central  vein  and  retinal 
hemorrhage  causes  intraocular  tension  to  risc  has  not  been  posltively  de- 
termined.  Primary  glaucoma  does  not  appear  to  induce  thromboBis  of 
the  central  vein.  When  these  conditions  coexist  I  have  found  wide  sprcad 
degeneration  of  all  the  retinal  vessels.  It  Is  inconceivablc  that  interference 
with  the  lymph  Channels  around  the  optic  nerve  could  cause  glaucoma, 
inasmuch  as  no  amount  of  pressure  on  the  nerve  or  choking  of  the  diso 
influences  eye  tension,  so  long  as  anterior  drainage  is  free.  Hemorrhage 
into  the  vitreous  Is  uncommon  in  thrombosis.  It  occurred  in  none  of  the 
16  cascs  cxamined  by  Coats.    Thcrcfore,  the  glaucoma  is  not  due  to  ex- 


*TreateJ  b>  Dr.  G.  A.  Hare,  at  the  Manhattan  Eye,  Ear  and  Throat  Hospilal. 
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travasated  blood  which  has  increased  the  volume  of  the  vitreous.  The 
Icns  was  not  disproportionatcly  large  in  any  of  Coats'  cases.  In  several 
cases  of  thrombosis,  glaucoma  has  been  precipitated  by  the  use  of  a  myd- 
riatic,  which  shows  the  glaucomatous  tendency  of  this  affection.* 

Angiosclerosis  alone  or  combined  with  thrombosis  is  the  dominant 
factor  in  closing  the  central  vein.  Sclerosis  of  the  Channels  which  drain 
the  anterior  Chamber,  also  appears  to  be  causative  in  certain  cases  of 
glaucoma.  Notwithstanding  this  apparent  relationship,  sound  objections 
exist  against  attributing  both  closure  of  the  vein  and  a  subsequent  glau- 
coma to  vascular  degeneration.  Primary  glaucoma,  whether  due  to  angio- 
sclerosis or  some  other  cause  is  nearly  always  bilateral,  while  glaucoma 
following  closure  of  the  central  vein  is  unilateral  and,  moreover,  always 
occurs  on  the  same  side  as  the  thrombosis«  Therefore,  the  deduction  is 
that  post-thrombotic  glaucoma  is  secondary  to,  and  directly  dependent 
upon  closure  of  the  central  vein  and  hemorrhage.  The  glaucoma 
appears  to  depend  upon  the  amount  of  blood  extravasated.  Certain, 
fairly  constant  peculiarities  are  observed  in  the  anatomy  of  post-thrombotic 
glaucoma  which  distinguish  it  from  the  usual  chronic  type,  (a)  The 
anterior  Chamber  is  not  shallow;  (b)  The  fibers  of  the  pectinate  ligament 
frequently  are  thickened  and  the  Spaces  of  Fontana  filled  with  pigment 
and  endothelium  (Fig.  102) ;  (c)  A  sluggish,  localized  inflammatory 
process  exists  in  the  sinus  of  the  anterior  Chamber,  manifested  by  slight 
peripheral  adhesions  between  the  iris  and  Cornea,  and  sometimes  by  cel- 
lular  Infiltration  of  the  tissues  around  Schlemm's  canal.  Recent  iritic 
adhesions  were  found  in  Hof  Coats'  cases.  It  is  remarkable  that  in  9 
of  these  the  adhesions  were  limited  to  the  temporal  side  of  the  Chamber 
and,  when  present  on  both  sides,  were  much  narrower  on  the  nasal.  This 
differs  from  common  glaucoma  in  which  the  Iris  is  uniformly  attached  all 
around. t  In  thrombotic  cases  increased  tension  is  not  due  to  slow  Titra- 
tion from  increase  in  the  albuminous  constituents  of  the  aqueous,  inasmuch 
as  the  aqueous  appears  to  be  less  albuminous  than  in  ordinary  iridocyclitis. 
The  most  reasonable  explanation  for  development  of  glaucoma  after 
intraocular  hemorrhage,  has  been  offered  by  Baques  who,  in  a  case  of 
retinal  bleeding  found  Fontana's  Spaces  filled  with  leucocytes  and  pro- 
liferating  endothelium.  There  was  also  cellular  Infiltration  and  thicken- 
ing  of  the  pectinate  ligament.    This  was  regarded  as  a  preglaucomatous  con- 


*  In  four  of  Coats'  cases,  glaucoma  followed  dilatation  of  the  pupil. 
tWith  the  possible  exception  of  certain  hemorrhagic  cases  of  glaucoma  in  which  bleed- 
ing occurred  early  in  the  disease. 
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dition,  caused  by  the  presence  in  thc  aqueous  of  irritating  cfaemical  products 
from  decomposing  blood  and  dead  retinal  Clements.  These  products  are 
supposed  to  produce  local  infection  and  Inflammation  in  the  pectinatc 
which  thickens  its  fibers  and  gradually  converts  its  opcn  meshwork 
into  solid  tissue.  To  this  should  be  added  blocking  of  the  filtratlon  Spaces 
by  phagocytes  loaded  with  products  of  dcgencration  from  the  hemor- 
rhagic  areas.  This  theory  is  supportcd  by  Inouye,  who  calls  attention  to 
the  fact  that  toxins  from  extravasated  blood  arc  hemotactic,  i.  e.,  they 
stimulate  the  tissucs  to  furnish  material  for  cicatrlzation.  After  intra- 
ocular  hemorrhagc  thc  pcctinate  ligament  is  subjected  to  this  aetion  and 


responds  by  proÜfcration  of  tissue. 
absorption  of  blood  will  be  delay 
prolonged. 

The  following  case  wh  i  a 
illustrate  Baques'  theory.  h  bo 
vanced  arteriosderosis,  enl  i 

the  left  eye.  Right  eye  pn 
thalmoscopic  examination  ■ 
retinal  thrombosis.  Thre 
terior  chamber,  developea  \ 
of  the  tiltration  angle  is  sl 
betwcen  the  root  of  the  iris 
poral  side  of  the  eye.  Thc  adhesioiis 


retinal  vessels  are  sclerosed, 
le  aetion  of  the  blood  toxins 

r  my  Observation  appears  to 
J8  years  of  age,  wlth  well  ad- 
Tiplainlng  of  blurred  vision  in 
"  retinal  artcnosclerosis.  Oph- 
ealed  the  plcture  of  compictc 
Icnt  glaucoma,  with  deep  an- 
enucleated.  The  appearance 
!,  Points  of  reeent  adhesions 
cxisted,  especially  on  thc  tem- 
iiuatcd  at  a  slight  distance  from 
the  angle  of  the  chamber.  The  adhesions  werc  readily  brokcn  as  has  oc- 
curred  in  thc  section  shown  in  thc  cut.  The  Strands  of  the  pectlnate  were 
thickened  and  Fontana's  Spaces  completely  filled  by  endothelial  cells. 
leucocytes  and  pißment.  Figure  103  shows  a  section  of  retina  destroyed 
by  hemorrhage  from  which  the  extravasated  blood  has  been  removed. 
Pigment-laden  leucocytes  are  seen  passing  out  into  the  vitreous. 

It  is  not  clear  why  the  temporal  side  of  the  anterior  chamber  should 
be  more  subject  to  inflammation  than  the  nasal,  unless,  as  appears  true, 
retinal  hemorrhage  is  always  more  extensive  In  the  temporal  half  and 
the  irritating  products  from  decomposing  blood  are  discharged  chiefly 
through  this  side  of  the  chamber.  The  relative  frequency  with  which 
hemorrhage  occurs  on  the  two  sides  of  the  eye  Is  shown  by  Ammann,  who 
collccted  13  cases  of  branch  retinal  thrombosis,  all  of  which  occurred  on 
the  temporal  side. 

Iritis  is  an  occasional  sequel  to  retlnltis  apoplectica.  I  have  seen 
one  case  which  rccovered  after  resorption  of  the  extravasated  blood. 
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Probably,  like  postthrombotic  glaucoma,  it  is  caused  by  the  local  action 
of  toxins  from  decomposing  blood. 

Branch  Closure.  Closure  of  a  branch  retinal  vein  produces  the 
picture  of  hemorrhagic  retinitis  limited  to  a  section  of  the  fundus,  drained 
by  the  ocduded  vessel  (Fig.  104).  If  the  vein  is  closed  anterior  to  the 
disc,  the  latter  probably  will  be  free  from  swelling.  Ammann  coUected 
90  cases  of  retinal  hemorrhage  from  various  causes.  Of  these,  20  were 
due  to  dosure  of  the  central  vein  and  13  to  closure  of  its  branches.  About 
two-thirds  of  the  branch  cases  occurred  in  the  superior  temporal  and 
one-third  in  the  inferior  temporal  branch.  Branch  closure  is  said  to 
occur  at  a  somewhat  earlier  age  than  closure  of  the  trunk  vessel.  Ar« 
teriosclerosis  of  both  veins  and  arteries  can  frequently  be  seen.  Hemor- 
rhage due  to  closure  of  small  retinal  veins  occurs  in  diseases  associated 
with  vascular  degeneration,  as  Bright's  disease,  diabetes,  etc. 

Stereogram  48.  Closure  of  Superior  Retinal  Vein  (Throm- 
bosis).  Ri^t  eye  of  laborer,  49  years  of  age.  Blood  pressure  195  mm. 
Hg.  Chronic  interstitial  nephritis.  Left  eye  is  blind  from  old  detach- 
ment  of  the  retina.  Five  days  ago  the  sight  in  the  right  eye  rapidly  f alled. 
Vision  now  is  20/70.  The  ophthalmoscopic  picture  is  characteristic  of 
dosure  of  the  ascending  branch  of  the  central  vein.  This  vessel  and  its 
branches  are  dilated,  tortuous  and  accompanied  by  hemorrhages.  The 
optic  disc  is  slightly  swollen  and  its  temporal  margin  is  obscured.  Through- 
out  the  region  drained  by  th^  aSected  vein,  the  retina  is  edematous  and 
opaque.  Spots  of  intense  edema  or  exudation  are  scattered  along  the 
veins,  particularly  where  they  make  a  quick  bend  and  dip  into  the  thickened 
retina.  Both  superficial  and  deep  extravasations  have  occurred.  Ä  small, 
round  hemorrhage,  situated  near  the  macula,  was  at  first  mistaken  for 
a  red  foveal  spot.  This  error  was  corrected  by  directing  the  patient  to 
gaze  into  the  aperture  of  the  ophthalmoscopic  mirror,  when  the  point  of 
fixation  (fovea)  was  found  to  be  above  and  nearer  the  disc  than  the 
round  hemorrhage.  The  veins  not  included  in  the  obstruction  are  some- 
what tortuous.  This  is  attributed  to  retinal  arteriosderosis  which  is 
further  demonstrated  by  the  descending  artery  which  indents  and  hides  a 
vein  over  which  it  crosses.  The  mild  neuritis  may  be  caused  by  associated 
albuminuria  or  by  the  Situation  of  the  thrombus  on  the  disc. 

DiAGNOSis.  In  this  case,  the  diagnosis  of  venous  branch  closure  rests 
upon  the  presence  of  hemorrhage,  exudation,  tortuous  veins,  comparatively 
unaltered  arteries  and  retinal  edema,  limited  to  the  region  drained  by  a 
branch  vein.     Primary  optic  neuritis  is  excluded  on  the  grounds  that  so 
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much  edema  and  hemorrhage  could  not  be  caused  by  moderate  swelling  of 
the  nerve,  and  also  by  the  limited  area  of  retina  aSected. 

Stereogram  49.  Postthrombotic  Changes  (New  Formed  Veins 
AND  Membranes).  Left  eyeground  of  woman,  30  years  of  age. 
Two  years  ago  the  central  vein  in  this  eye  was  dosed.  The  plcture  of 
hemorrhagic  retinitis  existing  at  that  time  is  shown  in  stereogram  47. 
Vision  is  now  restored  to  20/30.  The  optic  disc  is  physiologically  ex- 
cavated  and  the  cup  is  fiUed  with  new-formed  connective  tissue  which 
cxtends  beyond  the  nerve  in  the  form  of  membranes  covering  the 
retinal  vessels.  The  membrane  which  foUows  the  descending  vessels  is 
diaphanous  and  covered  by  small  vessels,  while  the  ascending  vein  is  en- 
wrapped  by  a  thick,  membranous  formation  which  thickens  the  vessel  but 
does  not  appear  to  interfere  with  circulation.  The  vascular  changes  have 
occurred  chiefly  on  the  temporal  side  of  the  nerve.  The  superior  temporal 
vein  is  obliterated  beyond  the  edge  of  the  disc.  Reference  to  stereogram 
47  will  show  that,  in  the  early  period  of  closure,  this  vessel  appeared  to 
terminate  in  a  deep,  round  hemorrhage.  The  macular  region  to  which 
this  vein  once  was  distributed,  is  now  drained  by  a  large  number  of  newly 
developed  vessels  connected  with  the  stump  of  the  obliterated  vein.  The 
macular  region  is  further  supplied  and  almost  encircled  by  a  greatly  en- 
larged  brauch  from  the  ascending  vein. 

When,  in  its  passage  through  the  optic  nerve,  the  central  vein  is 
dosed  by  a  thrombus,  circulation  is  re-established  by  enlargement  of  the 
vasa  vasorum  and  the  venules  in  the  nerve  (Fig.  98).  In  a  similar 
manner,  if  a  retinal  vein  is  permanently  obstructed,  the  small  tributaries 
become  greatly  enlarged  and  in  course  of  time  an  efficient  collateral  flow 
will  be  established  (Stergm.  30).  Another  occasional  sequel  to  retinal 
hemorrhage  is  the  formation  of  membranes,  fibrous  bands,  etc.  (Stergms. 
61-62).  Why  this  occurs  in  one  case  of  bleeding  and  not  in  another,  is 
unknown. 

Obstruction  of  both  Central  Vessels.  Cllnically,  the  two  con- 
ditlons,  closure  of  the  central  artery  and  of  the  central  vein,  are  sharply 
differentiated;  but  in  either  affection,  microscopical  examination  frequently 
reveals  more  or  less  obstructive  disease  in  both  vessels.  In  such  cases, 
however,  the  artery  and  vein  appear  never  to  be  affected  by  the  same 
chronic  pathological  process,  i,  e.,  double  thrombosis  or  double  endovascu- 
litis.*     According  to  Harms  nearly  complete  closure  of  either  the  central 

♦Gonin's  case  of  double  thrombosis  from  extcrnal  pressure  on  both  vein  and  artery, 
was  a  mechanical,  not  a  disease  process. 
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▼ein  or  artery,  by  retarding  the  blood  stream,  excites  reciprocal  disease  in 
die  other  vessel.  In  a  measure  this  is  due  to  the  fact  that  the  retinal  cir- 
culation  is  terminal,  and  carried  on  under  high  (intraocular)  pressure. 
Under  these  conditions,  if  circulation  is  obstructed  in  either  central  vessel 
or  in  the  smaller  retinal  branches,  the  entire  retinal  System  is  aSected. 
Thus,  a  thrombus  in  the  central  vein,  by  damming  the  blood,  may  excitc 
intima  proliferation  in  the  artery.  On  the  other  hand,  an  endarteritic 
nodule  in  the  central  artery  may  retard  the  blood  current  sufficiently  to 
induce  thrombus  formation  in  the  vein.  In  a  similar  manner  diSuse 
sclerosis  of  the  retinal  vessels  may  react  upon  one  or  both  of  the  central 
vcssels;  in  fact,  arterioscierosis  not  infrequently  appears  first  in  the  smaller 
branches.  The  lumen  of  a  central  artery^  or  vein  secondarily  affected 
may  close  first,  although  obstruction  to  circulation  began  in  the  other 
vessel.  For  example,  while  the  ophthalmoscopic  picture  of  either  **  em- 
bolism  "  or  apoplexy  shows  in  which  central  vessel  the  disease  has  ter- 
minated,  it  does  not  necessarily  indicate  the  one  in  which  it  originated. 
Neither  can  this  point  always  be  determined  by  microscopic  examinätion. 
The  following  is  an  illustrative  case.  The  patient  was  a  drunkard, 
45  years  of  age.  The  surface  arteries  were  highly  sderosed.  The  day 
before  entering  the  cHnic,  vision  in  the  right  eye  rapidly  decreased  to 
movements  of  the  hand.  Ophthalmoscopic  examinätion  showed  the  retina 
covered  with  hemorrhages,  one  of  which  occupied  the  macula.  The  retinal 
veins  were  tortuous  and  dilated.  Arteriosclerotic  changes  existed  in  the 
retinal  arteries.  Four  months  later  an  extensive  hemorrhage  occurred 
into  the  vitreous.  Glaucoma  developed  and  the  eye  was  enudeated.  Mi- 
croscopic examinätion  revealed  closure  of  both  central  vessels  as  they 
passed  through  the  lamina  cribrosa,  the  artery  being  closed  by  endarteritis 
proliferans  and  the  vein  by  thrombosis.  Behind  the  lamina  the  vein  was 
almost  indistinguishable  from  the  perivascular  connectivc  tissuc  (Fig.  88). 
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Chapter  VIIL 

DETACHMENT  OF  THE  RETINA. 

In  considering  the  subject  of  retinal  detachment,  the  layer  of  pig- 
mented  cpithelium  is  regarded  as  part  of  the  choroid  to  which  it  ana- 
tomically  and  pathologically  belongs.  In  its  normal  position,  the  retina 
simply  lies  in  contact  with  the  choroid,  the  only  attachments  being  at 
the  posterior  pole  where  its  fibers  unite  to  form  the  optic  nerve,  and  at  the 
anterior  border  where  it  merges  with  the  subjacent  parts  to  form  the 
ora  scrrata.*  The  retina  is  held  in  apposition  with  the  choroid  by  the 
vitreous  body,  the  force  exerted  being  equal  to  that  of  the  intraocular  pres- 
sure. Separation  of  the  retina  is  effected  in  various  ways.  Thus,  it  may  fall 
inwards  when  support  is  withdrawn,  as  after  extensive  loss  of  vitreous 
from  wounds  and  Operations,  or  it  may  be  dragged  from  its  bed  by  con- 
traction  of  new-formed  tissue  in  the  vitreous.  In  other  cases  the  retina 
may  be  pushed  away  from  the  choroid  by  subretinal  effusions,  displaced 
vitreous,  blood,  tumors,  cysticerci  and  penetrating  bodies.  Detachment 
often  follows  the  application  of  blunt  force  to  the  eye.  In  a  clinical  sense, 
*'  detachment  of  the  retina  "  refers  only  to  that  form  of  retinal  displace- 
ment  in  which  a  translucent  fluid  accumulates  between  the  retina  and  cho- 
roid. This  is  known  as  serous  detachment  and  also,  in  ignorance  of  its 
etiology,  simple  detachment. 

Serous  Detachment.  In  thls  form  of  detachment  Separation  of 
the  retina  usually  occurs  in  an  unaccountable  manner  or  from  slight  causes, 
as  stooping,  sneezing,  vomiting,  etc.  Hence,  it  is  sometimes  called  "  spon- 
taneous  detachment.'*  As  a  rule,  when  it  first  comes  under  Observation, 
detachment  is  extensive  and  the  retina  greatly  elevated.  Exceptionally,  the 
amount  of  subretinal  fluid  is  slight  and  the  surface  of  the  detachment  but 
little  higher  than  the  surrounding  fundus,  constituting  the  condition  known 
as  flat  detachment.  A  slight  detachment  of  the  retina  may  remain**  flat." 
Usually,  however,  it  increases  in  size.    As  a  rule,  it  is  due  to  injury,  espc- 


♦The  terms  "detachment"  and  "reattachment"  of  the  retina  arc  somewhat  mislead- 
ing.    Strictly  speaking,  the  retina  is  not  detached,  but  is  displaced  or  dislocated. 
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cially  in  myopic  eyes.  In  such  cases  a  slight  blow  may  be  followed  weeks 
later  by  detachment  which  at  iirst  is  flat. 

Sterbogram  50.  Incipient  Detachment  of  the  Retina  (Fiat 
Detachment) .  Left  eyeground  of  a  man,  35  years  of  age.  Two  weeks  ago, 
while  boxing,  he  received  a  stiff  blow  over  the  left  eye.  Ten  days  later,  pho- 
topsis  appeared  in  the  form  of  iiery  sparks  and  fiashes.  Vision  is  re- 
duced  and  objects  appear  distorted.  The  eye  is  myopic  6.5  D.  All  parts 
of  the  fundus  present  a  red  reflex.  The  optic  disc  is  uniformly  reddened 
and  on  its  temporal  side  is  a  narrow,  myopic  crescent.  In  the  upper  tem- 
poral quadrant,  the  surface  of  the  retina  is  covered  by  a  number  of  light, 
parallel  lines  which  disappear  on  changing  the  position  of  the  eye.  In  this 
region  the  retinal  arteries  and  veins  are  darkened  and  contain  no  central 
light  streaks.  They  also  are  wavy  as  though  foUowing  wrinkles  in  the 
retina.  It  cannot  be  determined  by  the  ophthalmoscope  that  the  surface 
is  elevated.  In  the  lower  half  of  the  fundus  the  retinal  vessels  are 
straightened  and  drawn  toward  the  temporal  side,  as  is  common  in  myopia. 

The  ophthalmoscopic  picture  in  this  case  is  that  of  incipient  detach- 
ment of  the  retina,  the  streaked  appearance  being  due  to  light  reflected 
f rom  inequalities  on  its  surface.  It  is  of  the  greatest  importance  to  recog- 
nize  a  retinal  detachment  in  the  incipient  stage.  For  this  reason,  myopic 
eyes  which  have  been  injured  should  be  examlned  frequently  for  early 
evidence  of  retinal  Separation.  While  the  ophthalmoscopic  picture  of  high 
retinal  detachment  is  unmistakable,  that  of  flat  detachment  is  recognized 
with  difficulty,  in  fact,  it  frequently  is  overlooked. 

DiAGNOSis.  In  flat  detachment,  if  the  subretinal  fluid  is  clear  the 
normal  red  fundus  reflex  may  not  be  changed.  In  such  cases  the  diagnosis 
of  incipient  detachment  may  be  established  by  the  presence  of  some  or  all 
the  following  Symptoms: 

(a)  Functional  disturbance  consisting  of  lowered  visual  acuity,  tor- 
por  retinae,  metamorphopsiae,  photopsise,  chromotopsiae,  etc. 

(b)  Congestion  and  darkening  of  the  vessels  with  loss  of  central 
light  streak  and,  sometimes,  irregularities  in  their  course. 

(c)  Local  hypermetropia  demonstrable  by  the  ophthalmoscope. 

(d)  When  underlying  choroidal  vessels  are  visible,  a  parallactic  mo- 
tion  between  them  and  the  retinal  vessels  may  be  obtained,  indicating  an 
abnormal  difference  in  levels. 

(e)  Wrinkles  in  the  retina,  demonstrable  either  by  surface  light  re- 
flexes  or  by  the  course  of  retinal  vessels.  Not  all  flat  detachments  are 
obscure;  some  are  grey  and  easily  recognized. 
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Retinal  (^acity  due  to  dosure  of  a  branch  artery  may  be  mistaken 
for  flat  detachment.    Typical  cases  present  the  following  differences: 

( 1 )  The  subjective  Symptoms  of  detachment  are  absent  in  dosure  of 
a  retinal  artery. 

(2)  In  flat  retinal  detachment,  a  fair  amount  of  vision  is  retained, 
while  the  area  to  which  an  ocduded  artery  is  distributed  is,  or  has  been, 
blind. 

(3)  In  arterial  dosure  the  surface  of  the  retina  is  not  elevated. 

(4)  In  detachment,  the  affected  region  bears  no  relation  to  the  ves- 
sels,  but  an  obstructed  artery  produces  disturbance  throughout  a  triangulär 
area  corresponding  to  its  distribution. 

(5)  The  Chief  distinction  is  the  appearance  of  the  retinal  vessels, 
which  in  dosure  are  narrowed  or  obliterated,  while  in  detachment  they  are 
abnormally  füll  and  dark. 

In  retinal  edema  due  to  choroidal  effusion  (Stergm.  18)  the  retina 
may  be  separated  from  the  choroid.  This  condition  may  be  differentiated 
f  rom  simple,  serous  detachment  by  the  retinal  edema  which  may  cover  the 
vessels,  and  by  the  presence  of  other  inflammatory  choroidal  lesions.  The 
possible  presence  of  a  young,  intraocular  tumor  must  be  bome  in  mind  when 
viewing  a  drcumscribed  detachment  of  the  retina. 

Symptoms  of  Retinal  Detachment.  The  great  majority  of  de- 
tached  retinas  are  widely  separated  from  the  choroid  and  occupy  one-half, 
or  more,  of  the  fundus  (Fig.  105).  In  uncomplicated  serous  detachment 
the  eye  presents  no  external  signs  of  irritation.  The  pupil  is  moderately 
dilated  and  reacts  sluggishly  to  direct  light.  As  a  rule,  the  lens  recedes 
and  the  anterior  Chamber  deepens.  The  lens  may  fail  to  support  the  iris 
and  the  latter  trembles  when  the  eye  is  moved  (iridodonosis).  Ocular 
tension  is  normal  in  recent  detachment  but  in  old  detachment  it  may  be 
diminished.  It  is  never  increased,  although  in  rare  cases  it  may  be  raised 
by  coexisting  disease.'^  In  high-grade  detachment  with  a  wide  pupil,  it 
may  be  possible  to  see  the  surface  of  the  retina  with  the  naked  eye.  With 
the  ophthalmoscope  no  difliculty  is  experienced  in  recognizing  a  developed 
detachment.  By  simple  Illumination  of  the  fundus  a  portion  of  the  field 
will  be  observed  which  throws  a  light  colored  refiex.  Upon  detailed  ex- 
amination  this  is  recognized  as  detachment  of  the  retina  by  its  height  and 


*  Nordenson  examined  the  intraocular  tension  in  126  cases  of  detachment  and  in  only 
6  was  it  increased.  Of  these,  1  had  occlusion  of  the  pupil,  3  had  iridocyclitis  and  in  2 
the  cause  was  not  apparent.  It  is  doubtful  if  detachment  occurs  in  glaucomatous  eyes, 
but  in  an  eye  with  detachment  established,  conditions  might  arise  in  the  anterior  Chamber 
that  would  raise  the  tension. 
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from  a  tremulous,  wave-like  motion  which  passes  over  its  surface  upon 
the  slightest  movement  of  thc  eye.  When  first  separated  from  the  choroid 
the  retina  is  transparent  and  for  a  brief  timc  presents  a  red  reflex,  but  it 
quickly  becomes  edematous  and  opaque.  Usually,  a  detached  retina  has  a 
grey  lustre  resembÜng  the  sheen  of  a  silky  fabric.  The  presence  of  a 
very  dark  green  cast,  indicates  that  blood  is  mixcd  with  the  subretinal 
fluid.  Simple  detachment  seldoni  forms  a  single  rounded  mass,  but  pro« 
sents  a  number  of  bulging.  bladder-üke  elevations  the  summits  of  which  re- 
flect  light  with  a  whitish  sheen  {colored  plate  4),  In  other  cases  thc 
surface  is  folded,  or  it  may  be  broken  into  numerous  wrinkles.     The 
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evcn  Hack.  They  are  also  somewhat  distend'  1  and  tortuous  from  ob- 
structed  circulation  due  to  abnormal  bends  and  curves.  The  tendency  of 
spontaneous  detachment  is  to  become  complete,  in  which  event  the  retina 
is  entirely  separated  except  nt  the  nerve  and  ora  serrata.  In  total  detach- 
ment if  a  small  vitreous  cavity  remains,  the  retina  will  form  a  funnel-shaped 
tube,  with  bulging  walls,  at  the  bottom  of  which  it  may  be  possible  to  see 
the  optic  diso. 

Frequently  a  rent  is  seen  in  the  detachment  through  which  appears  the 
bright  red  reflex  from  the  choroid.  The  laceration  usually  occurs  above, 
near  the  periphery,  presenting  an  irregulär  opening  to  which  may  be  at- 
tached  a  flap  of  incurving  retina.  This  rent  is  supposed  to  be  an  important 
factor  in  the  mechanism  of  detachment;  it  certainly  is  prescnt  in  a  large 
Proportion  of  all  cases  although  it  may  be  so  situated  as  to  escape  Ob- 
servation. Any  portion  of  the  retina  may  become  detached,  but  in  all  cases 
the  subretinal  fluid  tends  to  gravitate  to  the  bottom  of  the  eye,  consequentiy, 
old  detachments  are  situated  below.    This  is  the  most  favorable  location. 
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Fi«.  103— Seclion  of  Rclina  De^lrt.ycll  by  Heiuorrliast.    Tlie  Blood  has  been  Renioved 
and    Pigment-laden    Leucocytts   are   seen   passing   oul   inlo   the   Vitreous. 


pig.   104— Closnrc   of  a    Brauch    Retinal   Vein.      Hcniürrhagic    Retinitis    (to   the   right). 
limited  to  Ihc   Region   Draincd  iiy  llie  Occiuded  Vessel. 
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as  preservation  of  the  upper  half  of  the  retina  enables  the  patient  to  see 
objects  in  the  lower  field.  Detachment  of  the  macula  is  rare.  When  it 
occurs  the  picture  may  resemble  that  produced  by  closure  of  the  central 
artery,  i.  e.,  a  bright  red  macula  surrounded  by  white  opaque  retina.  The 
red  spot  18  the  choroid  seen  through  the  thin  or  open  fovea.  When  hemor- 
rhage  or  exudation  are  present  in  a  detached  retina,  nephritis  or  other 
angiopathic  disease  should  be  suspected.  One  case  of  retinal  pigmentation 
aftcr  detachment  has  been  reported. 

The  Symptoms  of  detachment  are  not  always  uniform.  The  surface 
trcmor,  so  marked  in  large  flaccid  detachments,  may  scarcely  be  noticeable 
in  those  of  moderate  size  where  the  retina  is  tense.  Occasionally,  detach- 
ments remain  transparent  and  fall  to  exhibit  a  grey  color.  Large  de- 
tachments have  been  seen  in  which  the  retina  retained  its  normal  color  and 
fair  Vision  was  preserved.*  Such  cases  raise  a  suspicion  that  both  choroid 
and  retina  were  detached  (Fig.  106).  An  authentic  case  of  chorioretinal 
detachment  the  borders  of  which  were  shelving,  is  recorded  by  Spicer.  The 
retina  was  not  opaque  but  contained  douded  areas.  The  summit  of  the 
separated  retina  was  elevated  4  mm.  At  this  level  the  choroidal  ves- 
sels  were  distinctly  seen.    The  Visual  field  was  not  contracted. 

Stereogram  51.  Detachment  of  the  Retina.  Recent  and  of 
high  degree.  Left  fundus  oculi  of  a  man  60  years  of  age.  The  eye  is 
myopic  (-9.  D.)  Two  weeks  ago,  after  violent  vomiting,  the  left  eye  be- 
came  nearly  blind.  At  the  present  time,  vision  in  the  upper  field  of  this  eye 
is  reduced  to  perception  of  light.  The  pupil  is  moderately  dilated  and  the 
anterior  Chamber  deepened.  On  illuminating  the  fundus  with  the  ophthal- 
moscope,  the  upper  half  presents  a  normal  red  color,  but  when  the  patient 
looks  down  the  reflex  becomes  light  grey.  Examination  by  direct  and  in- 
direct  methods,  shows  high  detachment  of  the  entire  lower  half  of  the 
retina.  The  detached  membrane  is  thrown  into  wavy  folds  which  undulate 
on  movement  of  the  eye.  Above,  where  the  detachment  is  shallow,  the 
retina  has  a  reddish  cast  which  gradually  merges  into  a  grey  color  below 
where  the  Separation  between  choroid  and  retina  reaches  a  height  of  6. 
mm.  (18.  D.).  The  strong  reflection  of  light  from  the  tops  of  the  retinal 
folds  produces  the  characteristic  "  shot  silk "  appearance.  The  blood 
vessels  crossing  the  detachment  are  very  dark  and  contain  no  central  light 
streak.  As  they  foUow  the  folds  in  the  retina,  their  courses  become  very 
irregulär  and  apparently  interrupted.    The  optic  disc  is  half  enclosed  by 
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a  myopic  crescent.    Transillumination  of  thc  region  occupicd  by  thc  de- 
taclunent  casts  no  shadow  on  the  pupil. 

DiAGNOSis.  While  no  difficulty  may  be  experienced  in  recognizing  a 
detachment  of  the  retina,  Its  character  is  not  always  easy  to  diagnosticate. 
It  is  of  vital  importance  to  differentiate  simple  detachment  from  detach- 
ment secondary  to  an  intraocular  tumor.  In  doubtful  cases,  a  history  of 
injury  or  the  presence  of  myopia,  f avors  a  diagnosis  of  simple  detachment. 
As  a  rule,  simple  detachment  occurs  rapidly  while  that  due  to  sarcoma  de- 
velops  slowly.  In  transillumination,  simple  detachment  offers  no  obstruc- 
tion  to  the  passage  of  light,  in  which  respect  it  differs  from  sarcoma  which 
casts  a  shadow  on  the  pupil.  Eye  tension  may  be  diminished  in  simple 
detachment  but  is  increased  or  normal  in  intraocular  growths.  In  simple 
detachment  vision  may  improve  from  temporary  replacemcnt  or  change  in 
Position  of  the  detachment,  while  sarcomatous  detachment  grows  pro- 
gressively  worse.  Retinal  detachment  due  to  tumors  may  or  may  not 
present  a  characteristic  appearance.  Sarcoma  of  the  choroid  produces 
a  rounded  elevation  which  projects  abruptly  into  the  vitreous  (Stergms. 
74-75-78).  Usually,  the  retina  lies  in  close  contact  with  the  summit  of  the 
neoplasm  or  is  separated  from  it  by  only  a  thin  layer  of  fluid.  The  sur- 
face  of  the  retina  is  smooth,  free  from  folds  and  does  not  tremble  when  the 
eye  moves.  The  color  of  the  sarcoma,  which  may  be  white,  blackish  brown 
or  grey,  often  is  visible  through  the  detachment.  In  other  cases,  the  layer 
of  fluid  between  the  growth  and  retina  is  sufficient  in  depth  to  obscure  the 
true  cause  of  detachment.  Sarcoma  may  produce  extensive  detachment  of 
the  retina  in  regions  remote  from  the  tumor.  Therefore,  in  every  case  of 
detached  retina,  search  should  be  made  for  intraocular  growth.  Detach- 
ment may  be  due  to  sarcoma  and  yet  be  wholly  separated  from  it  (Par- 
sons).  This  is  especially  true  of  small  sarcomas  situated  near  the  hor- 
izon,  in  which  case  the  detachment  may  be  entirely  posterior  to  the  tumor. 

Metastatic  Carcinoma  of  the  choroid  produces  extensive  detachment 
of  the  retina  at  a  much  earlier  stage  of  growth  than  does  sarcoma.  In 
these  cases,  the  usual  Situation  of  choroidal  Carcinoma  at  the  posterior  pole 
increases  the  difficulty  of  diagnosis. 

Glioma  retinae  is  situated  in  the  retina  itself,  differing  in  this  respect 
from  sarcoma  and  Carcinoma  which  are  subretinal  growths.  Owing  to  its 
Separation  from  the  sclera,  glioma  does  not  cast  a  shadow  in  transillumina- 
tion. Glioma  endophytum  forms  a  very  evident  neoplasm;  glioma  exo- 
phytum,  on  the  other  band,  causes  early  and  extensive  detachment  of  the 
retina. 
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Conglomerate  tuberde  of  the  choroid  is  prone  to  invade  the  retina, 
and  instead  of  detachment  the  fundus  usually  presents  the  features  of  an 
exudative  process.  Wicherkiewicz,  however,  has  seen  extensive  detachment 
of  the  retina  produced  by  a  tubercular  nodule.  Dor  also  regards  tubercle  as 
a  cause  of  detachment.  If,  in  a  given  case,  tubercle  is  suspected,  the  diag- 
nosis  would  be  confirmed  if  an  injection  of  tuberculin  produced  reaction  in 
the  eye. 

Subretinal  Cysticercus  f  orms  a  rounded,  sharply  deiined,  translucent  de- 
tachment, beneath  which  it  may  be  possible  to  recognize  the  bluish-grey 
bladder  in  which  the  animal's  head  appears  as  a  light  speck.  The  parasite 
may  be  seen  to  move  within  the  bladder,  but  the  tremulous  motion  charac- 
teristic  of  serous  detachment  is  absent. 

Cystic  degeneration  of  the  retina  is  given  as  a  cause  of  detachment. 
Although  large  cysts  are  found  in  detached  retinas,  it  is  doubtful  if  they 
ever  antedate  detachment.  These  cysts  commence  with  edema  of  the 
nuclear  layer  and  the  bulging  always  is  outward  (Figs.  107-108).  Con- 
sequently,  they  cannot  be  ophthalmoscopically  recognized  as  cysts. 

The  detached  retina  of  metastatic  retinitis  is  saturated  with  exudates 
which  render  the  membrane  stiff  and  immobile  so  that  it  does  not  tremble 
when  the  eye  is  moved.  The  intraocular  tension  usually  is  diminished  in 
metastatic  retinitis. 

Re ATTACHMENT.  In  exceptional  cases  reapposition  of  a  detached 
retina  occurs  with  more  or  less  restoration  of  function.  Ophthalmoscopic 
evidence  of  reapposition  usually  exists  in  the  form  of  white  or  pigmented 
streaks  and  spots  situated  behind  the  retinal  vessels.  Such  streaks  con- 
stitute  one  form  of  retinitis  striata.  The  strise,  which  usually  corre- 
spond  to  the  folds  and  wrinkles  of  the  detached  retina,  may  radiate 
from  the  disc  or  other  points  in  the  fundus.  Frequently,  they  are  ar- 
ranged  in  parallel  lines.  In  a  small  proportion  of  cases  the  distribution  is 
irregulär.  These  streaks  usually  represent  adhesions  between  the  choroid 
and  retina.  A  previous  detachment,  however,  cannot  be  assumed  from 
the  mere  presence  of  Striae.  Another  variety  of  retinal  lines  develops  in  old 
detachments  from  stretching  and  atrophy.  In  commencing  detachment, 
Striae  due  to  irregulär  light  reflexes  from  wrinkles  in  the  retina  are  common 
(Stergm.  50).  A  section  of  retina  that  has  been  separated  and  reattached 
usually  is  demarcated  from  the  surrounding  fundus  by  grey  or  yellowish 
stripes  which  may  be  bordered  by  pigment.  Vitreous  membranes  have 
been  observed  in  cases  of  retinal  detachment  associated  with  old  hemor- 
rhages.    The  retinal  epithelium  beneath  a  detached  retina  may  undergo  ir- 
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regulär  depigmentation.  In  such  cases,  if  reapposition  occurs,  the  retina  ap- 
pears  spotted  as  in  choroiditis.  In  very  old  detachments  the  vitreous  may 
contain  crystals  of  Cholesterin  and  produce  synchysis.  Cholesterin  is  fre- 
quent  also  in  the  subretinal  fluid.  Posterior  cataract  or  phthisis  bulbi  may 
ensue  in  an  eye  in  which  the  retina  has  been  detached  for  years. 

Old  Detachment.  In  course  of  time  a  detached  retina  becomes 
highly  atrophic  and  regains  its  transparency  and,  if  at  the  same  time  the 
subretinal  fluid  is  clear,  the  detached  area  may  again  exhibit  a  red  refiex. 
The  vessels  also  become  lighter  in  color,  although  the  veins  always  remain 
darker  than  normal. 

Stereogram  52.  Detachment  of  the  Retina.  Old,  shallow  and 
translucent.  Left  eyeground  of  girl,  19  years  of  age.  Stenographer.  Re- 
f raction  normal.  Four  years  ago  she  was  Struck  in  the  left  eye  by  a  ball, 
which  caused  her  to  faint.  Four  months  later,  a  positive  central  scotoma, 
like  a  black  disc,  appeared  before  the  left  eye.  At  that  time  she  experienced 
flashes  of  light,  which  disappeared,  but  recently  have  recurred.  The 
scotoma  gradually  passed  away  and  now,  central  vision  is  20/40.  Per- 
ception  of  light  is  abolished  in  the  upper  part  of  the  visual  field  (Fig.  109). 
In  the  left  eye  the  anterior  Chamber  is  somewhat  deeper  than  in  the  right. 
With  ophthalmoscopic  Illumination  the  fundus  gives  a  uniform  red  reflex. 
With  direct  examination,  the  lower  half  of  the  retina  is  seen  to  be  detached. 
The  Separation  commences  on  a  horizontal  line  passing  just  below  the 
disc  and  increases  gradually  until  at  the  equator  it  reaches  an  elevation 
of  3  mm.  (9.  D.).  The  surface  of  the  detachment  is  slightly  undulating. 
The  color  is  nearly  that  of  the  normal  fundus,  although  faint  light  reflexes 
come  from  the  uneven  surface.  The  blood  vessels  are  somewhat  dilated 
and  follow  the  surface  inequalities  of  the  retina.  The  arteries  are  but  little 
darker  than  those  in  the  upper  part  of  the  fundus,  the  veins  however  are 
nearly  black.  Just  above  the  upper  margin  of  the  detachment  are  a  few 
horizontal,  yellowish  streaks,  which  are  interpreted  as  representing  ad- 
hesions  between  choroid  and  retina  in  a  region  formerly  detached. 

The  history  indicates  that  detachment  formerly  extended  above  the 
macula  and  that  the  fluid  has  gravitated  below  into  its  present  position. 
That  the  detached  retina  is  atrophic  is  shown  by  its  absolute  blindness  and 
by  its  transparency,  which  permits  the  passage  of  light  reflected  from  the 
choroid.  The  delayed  Symptoms  may  be  explained  by  an  unrecognized 
peripheral  detachment  which  suddenly  changed  its  position. 

The  prognosis  in  this  case,  as  regards  extension  of  the  process,  is 
good.    The  detachment  was  due  to  traumatism  and  the  cause  is  no  longer 
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active,  differing  in  this  from  detachment  caused  by  a  progressive  disease, 
as  occurs  in  myopia. 

DiAGNOSis.  Old,  low,  translucent  detachments  may  be  overlooked, 
owing  to  their  red  color,  but  once  discovered  they  can  hardly  be  mistaken 
for  another  condition.  The  course  and  dark  color  of  the  blood  vessels  are 
diagnostic.  The  form  and  color  of  the  detachment  shown  in  the  stereogram 
do  not  suggest  the  presence  of  a  tumor. 

Symptoms.  Retinal  detachment  often  is  prcceded  by  subjective  Symp- 
toms indicating  disturbance  in  the  rod  and  cone  layer.  The  most  common 
are  photopsias  manifested  by  a  Sensation  of  fiery  sparks,  darts,  balls,  etc., 
passing  before  the  eye.  Metamorphopsise  often  are  present  and  objects  ap- 
pear  crooked  or  altered  in  size.  Chromotopsias  also  occur,  red,  blue,  brown 
and  violet  visions  being  the  most  common.  A  frequent  complaint  is  of 
douds  or  dust  before  the  eye  or  of  momentary  loss  of  vision. 

When  these  Symptoms  appear  in  myopia  they  should  be  regarded  as 
Signals  of  impending  detachment,  although  frequently  they  disappear  with- 
out  such  termination.  If,  howevcr,  detachment  ensues  these  phenomena 
may  persist  and  prove  very  annoying.  Detachment  usually  occurs  sud- 
denly,  the  event  being  signalized  by  the  Sensation  of  a  doud  or  curtain 
before  the  eye.  Functional  disturbance  is  most  noticeable  and  annoying  in 
rapidly  developed  cases  in  which  light  perception  is  often  retained  for 
months  or  even  years.  The  undulating  motions  of  the  retina  cause  images 
which  are  formed  upon  the  affected  region  to  sway  and  wave.  Reduced 
central  vision  usually  exists  even  though  the  macula  is  not  visibly  involved. 
In  some  cases,  during  the  forenoon,  vision  may  be  good  enough  to  locate 
objects  but  later  in  the  day  will  sink  to  mere  perception  of  Hght.  The 
matudinal  improvement  is  due  to  reposition  of  the  retina  which  occurs  at 
night  while  the  patient  is  recumbent.  Weeks  states  that  in  these  cases  pho- 
topsix  always  are  experienced  when  redetachment  occurs.  Besides  the 
chromopsia  described  above,  the  color  sense  may  be  impaired  as  regards 
blue  and  green.  Leber  thinks  this  is  due  to  the  yellow  color  of  the  sub- 
retinal fluid.  As  tested  by  ordinary  methods,  high  detachments  are  repre- 
sented  in  the  visual  fields  as  positive  scotomata.  In  case  of  double  de- 
tachment below,  the  fields  will  show  a  bilateral  upward  hemianopsia  (Figi 
12) .  In  very  flat  detachment.  In  which  elevation  cannot  be  demonstrated  by 
the  ophthalmoscope,  torpor  retinae  usually  exists,  and  a  field  which  appears 
normal  in  bright  light  will  exhibit  a  scotoma  when  illumination  is  reduced. 
Such  patients  cannot  see  well  on  cloudy  days.  Detachment  of  the  retina 
occurs  most  frequently  between  the  45th  and  60th  years.    It  is  rare  before 
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the  age  of  thirty.  As  a  rule,  one  eye  only  is  affected  although  binocular 
cases  are  not  unusual.  Hortsman  reported  106  cases  of  spontaneous  detach- 
ment  of  which  9  occurred  in  both  eyes. 

Prognosis.  The  prognosis  of  retinal  detachment  in  myopia  is  very 
bad,  but  where  it  is  due  to  Bright's  disease  or  to  traumatism,  reposition 
of  the  retina  and  restoration  of  vision  may  occur.  The  rods  and  cones 
are  very  resistant  to  pathological  conditions  and,  if  the  retina  can  be  re- 
placed  within  a  few  weeks  or  months  after  detachment,  they  may  resume 
their  function.  With  the  development  of  atrophy,  however,  light  percep- 
tion  is  lost  and  nothing  would  be  gained  were  the  retina  once  more  in 
contact  with  the  choroid.  Notwithstanding  published  reports,  the  per- 
manent eure  of  a  detached  retina  is  a  rare  event.  Although  temporary 
replacement  may  occur,  redetachment  ensues  in  nearly  all  cases.  Uthoff 
collected  all  cases  of  spontaneous  retinal  detachment  in  medical  literature 
reported  as  cured.  Of  these,  24  per  cent  had  operative  treatment,  45 
per  cent  non-operative  treatment  and  3 1  per  cent  no  treatment  whatever. 
These  statistics  render  it  difficult  to  estimate  the  infiuence  of  treatment  in 
reducing  detachment  of  the  retina,  inasmuch  as  many  of  those  treated 
might  have  recovered  spontaneously.  The  best  results  from  treatment  are 
obtained  in  albuminuria  with  general  anasarca.  Uthoff  reported  a  case  of 
nephritis  with  general  retinal  detachment  in  both  eyes,  in  which  re- 
attachment followed  drainage  of  the  dropsical  fluid  through  the  legs  by 
Cruschmann's  canulas.  A  detachment  which  does  not  increase  in  size 
must  be  regarded  as  having  terminated  favorably. 

Etiology.  The  cause  of  serous  detachment  of  the  retina  is  unknown 
despite  the  frequent  opportunities  presented  for  clinical  and  anatomical 
study  of  the  affection.  Several  opposing  theories  exist,  any  of  which  may 
be  true  for  certain  cases  but  not  one  of  them  satisfactorily  explains  all  the 
features  presented  by  the  most  common  type  of  spontaneous  detachment. 
The  majority  of  cases  occur  in  myopia.  Uthoff  found  in  500  cases  of 
spontaneous  detachment  that  60  per  cent  were  myopic.  He  found  also 
that  detachment  occurs  in  4.5  per  cent  of  all  cases  of  myopia  in  adults. 
Statistics  showing  a  lower  percentage  include  children,  among  whom  de- 
tachment is  extremely  rare.  Detachment  of  the  retina,  however,  is  not  pe- 
cuHar  to  myopia  but  occurs  also  in  both  emmetropia  and  hypermetropia. 
It  is  not  a  rare  affection.  Schöbl,  among  120,000  cases  of  eye  disease, 
found  280  cases  of  retinal  detachment. 

Following  are  the  principal  theories  which  have  been  advanced  to 
explain  the  development  of  simple  retinal  detachment.     They  all  possess 
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a  logicai  basis  and  any  of  them  may  be  partly  or  wholly  applicable  to 
certain  cases. 

ExUDATiON  OR  Secretion  Theory.  This  theory  was  conceived  by 
Arlt  and  is  supported  by  Schmidt-Rimpler.  The  choroid  is  supposed  to 
furnish  a  fluid  which  accumulates  behind  the  retina.  The  retina  is  pushed 
forward  against  the  vitreous,  causing  the  latter  to  be  liquified  and  absorbed. 
An  associated  disease  of  the  ciliary  body  is  supposed  to  be  present  which 
causes  further  shrinking  of  the  vitreous  and  increases  the  retinal  detach- 
ment.  Probably  this  explanation  is  true  for  certain  cases  of  flat  detach- 
ment;  for  example,  I  have  seen  a  young  man  in  whom  a  low  degree  of 
detachment  slowly  developed  in  both  eyes.  The  surface  of  the  separated 
retina  was  smooth  and  exhibited  no  tremor.  Such  a  condition  was  explained 
best  by  the  theory  of  choroidal  exudation.  There  is  little  doubt  that  the 
retinal  detachment  which  occurs  in  albuminuria  is  a  manifestation  of  edema 
in  which  the  transudate  comes  from  the  choroidal  vessels.  In  this  disease 
detachment  may  come  and  go  with  the  general  anasarca  as  in  Uthofi's 
case  described  above,  or  in  Raehlmann's  in  which  Chemosis  of  the  bulbar 
conjunctiva  and  retinal  detachment  appeared  and  disappeared  together. 
Raehlmann's  case  is  of  further  interest  as  it  occurred  in  a  case  of  nephritis 
in  which  there  was  no  retinitis.  Galezowski  regards  rheumatism  as  a  fre- 
quent  cause  of  detachment  and  in  such  cases  he  thinks  there  is  an  efiusion 
from  the  choroid  analogous  to  that  which  is  pbured  into  the  joints.  The 
exudation  theory  is  particularly  applicable  to  Separation  of  the  retina 
which  sometimes  develops  during  the  course  of  nasal  Sinusitis  and  orbital 
abscess  and  which  disappears  when  the  suppurative  process  is  cured.  The 
detachment  which  accompanies  subretinal  tumors  appears  to  be  caused  by 
a  fluid  which  the  choroid  exudes  in  response  to  the  irritating  action  of  the 
neoplasm.  It  has  been  suggested  that  the  detachment  which  often  results 
from  application  of  blunt  force  to  the  eye  may  be  caused  by  exudation  from 
the  choroid.  In  the  exudative  stage  of  choroiditis  an  effusion  often  appears 
between  the  retina  and  choroid.  This  condition  frequently  is  seen  in  patho- 
logical  specimens  but,  dinically,  its  recognition  is  uncertain.  Stereogram 
18  shows  an  elevated  area  of  the  fundus  in  which  it  is  assumed  that  the 
retina  is  lifted  by  choroidal  exudation.  In  panophthalmitis  the  retina  is 
detached  by  purulent  exudates  from  both  retina  and  choroid  (Fig.  32). 
A  subretinal  exudate  from  the  choroid  is  an  essentlal  factor  in  the  diffusion 
theory  of  Raehlmann,  vide  infra.  Cyclitic  disease  which  is  mentioned  in 
connection  with  the  exudation  theory  may  yet  be  shown  to  exert  a  greater 
influence  in  causing  detachment  than  is  generally  supposed. 
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Although  thc  exudative  theory  holds  true  for  the  class  of  cases  de- 
scribed  abovc,  strong  objections  cxist  to  the  view  that  spontaneous, 
serous  detachiiient  is  caused  by  exudation  from  the  choroid.  In  most  cases 
retinal  detachmciit  occurs  rapidly  or  even  suddcnly,  and  it  is  Inconceivable 
that  the  contents  of  the  globe  could  suddenly  be  so  greatly  increased  without 
raising  intraocular  pressure.  Furthermore,  there  is  no  evidence  that  the 
choroid  is  capable  of  suddenly  producing  the  large  quantity  of  fluid  con- 
tained  in  the  subretinal  space  of  a  large  detachment. 

Stretching  or  Mechanical  Theory.  The  frequent  occurrence 
of  retinal  detachment  in  high  axial  myopia  led  von  Graefe  to  the  conclusion 
that  Separation  of  the  retina  in  such  cases  was  caused  by  anterlo-posterior 
elongation  of  the  eyeball.  Thls  view  was  supported  also  by  Donders.  The 
mechanism  of  this  theory  is  as  follows.  In  myopia  the  posterior  scgment 
of  the  sdcra  is  displaced  backward,  dragging  wlth  it  the  adherent  choroid. 
The  retina,  however,  is  not  adherent  to  the  choroid,  consequently,  slight 
Dauses  may  Interrupt  its  backward  excursion  and  the  two  membranes  may 
separate.  The  tendency  to  Separation  is  increased  also  by  fluidity  of  the 
vitreous  and  hypereniia  of  the  choroid. 

This  theory  is  applicable  to  myopic  cases  only,  but  In  these  it  should 
be  given  great  consideration.  Axial  myopia  predisposes  to  detachment  of 
the  retina,  the  higher  the  myopia  the  greater  the  predisposition.  The  füll 
explanation  for  this  may  not  be  forthcomlng  but,  whatever  other  causes 
exist,  it  must  be  conccded  that  merc  elongation  of  the  globe  creates  con- 
ditions  highly  favorable  to  detachment.  Thus,  the  posterior  portion  of  the 
retina  is  connected  only  at  the  optic  nerve,  therefore,  if  this  membrane  is 
to  follow  the  choroid  and  sciera  it  must  be  pushed  backward  by  an  increase 
in  the  voIume  of  the  vitreous,  The  requisite  increase  of  fluid  is  readily  sup- 
plied  by  the  normal  cells  of  the  ciliary  processes,  but  if  these  cells  are 
diseased  the  volume  of  the  vitreous  will  not  be  increased  and  the  retina  will 
not  be  held  against  the  choroid.  Myopia  tends  to  produce  detachment  of 
the  retina  by  its  action  on  the  vitreous.  The  inert  vitreous  framework 
does  not  increase  in  sizc;  on  the  contrary,  stretching  causes  the  fibers  to 
rupture  and  disintegrate,  leaving  the  vitreous  in  a  fluid  State.  Another 
result  of  stretching  is  thinning  and  tearing  of  the  retina  which  renders  it 
easy  for  a  fluid  vitreous  to  Alter  through  and  produce  detachment. 

Hemorrhagtc  Theory.  Because  of  its  sudden  development,  von 
Graefe  once  thought  that  retinal  detachment  must  be  due  to  hemorrhage, 
but  he  soon  abandoned  this  view.  Of  course,  hemorrhage  from  the  choroid 
no  longer  is  advanced  as  the  cause  of  simple  detachment,  but  it  holds 
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good  for  certain  cases  of  a  hemorrhagic  type  which  occur  in  vascular 
disease  and  after  injuries  or  Operations    (Figs.    115-116). 

Detachment  of  THE  ViTREOüs.  Separation  of  the  vitreous  from 
the  retina  was  first  described  as  a  pathologic  process  by  H.  Müller. 
Later,  Iwanoff  described  localized  posterior  detachment  of  the  vitreous, 
in  which  a  cavity  containing  fluid  is  supposed  to  form  between  the  vitreous 
and  retina.  In  myopia  this  cavity  is  further  increased  by  elongation  of 
the  eyeball.  The  fluid  content  of  the  cavity  is  said  to  increase  until  the 
pressure  becomes  so  great  that  the  fluid  Alters  through  the  retina  and 
lifts  it  from  the  choroid.  De  Wecker  accepted  the  post  vitreous  spaces, 
but  thought  the  presence  of  fluid  forced  a  hole  through  the  retina. 

This  theory  of  the  mechanism  is  faulty.  A  coUection  of  fluid  as 
conceived  by  Iwanoff  would  exert  equal  pressure  in  all  directions  through 
the  soft  vitreous,  moreover,  increased  pressure  tends  to  hold  the  retina  in 
place,  not  to  detach  it.  Despite  the  apparent  improbability  of  this  theory, 
the  microscopic  picture  of  vitreous  detachment,  as  described  by  Iwanoff, 
has  repeatedly  been  confirmed  by  other  investigators  and  thus  has  acquired 
pathologic  Standing.  Nevertheless,  it  is  extremely  doubtful  that  such  a  con- 
dition  actually  exists  intra  vitam.  Greeff,  Elschnig  and  others  who  have 
carefuUy  investigated  this  subject,  are  emphatic  in  declaring  that  the 
so-called  vitreous  detachment  is  an  artefact  produced  by  shrinkage  when 
the  eye  is  hardened  for  microscopic  examination.  The  justice  of  this 
criticism  is  apparent  to  those  who  frequently  dissect  human  eyes.  The 
normal  vitreous  is  about  99  per  cent  water,  all  of  which  is  abstracted 
when  the  eye  is  hardened,  leaving  nothing  in  the  vitreous  cavity  except 
fibers  (Fig.  110).  Under  pathologic  conditions,  however,  the  vitreous 
contains  more  or  less  albumen  which  forms  a  visible  coagulum  in  the  pre- 
pared  eye.  This  albuminous  coagulum  may  contract  from  behind  forward, 
leaving  large  dear  spaces  posteriorly  (Fig.  111).  Examination  of  frozen 
eyes  has  cast  still  further  doubt  upon  the  existence  of  vitreous  detachment 
in  the  living  eye.  Examination  of  my  own  specimens  would  indicate  that 
the  so-calied  detachment  of  the  vitreous  is  not  present  in  myopic  eyes  or 
eyes  with  recent  detachment  of  the  retina.  If,  however,  in  these  or  other 
eyes,  the  vitreous  is  moderately  albuminous,  artefacts  resembling  the  vit- 
reous Spaces  of  Iwanoff  will  be  found 
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Retraction  Theory  (Fibrillary  Degeneration  of  the  Vitrcous). 
This  theory,  which  was  presented  by  Leber  and  Nordenson,  attributes 
detachment  of  the  retina  primarily  to  a  fibrillary  degeneration  of  the 
vitreous,  consisting  of  an  increase  in  the  thickness  of  the  übers  which 
form  its  framework.  These  thickened  fibers  are  supposed  to  undergo  con- 
traction  and  produce  detachment  of  the  vitreous,  leaving  a  space  between 
it  and  the  retina  (illed  with  fluid.  The  final  mechanism  of  detachment  is 
given  as  foUows.  Progressive  contraction  of  the  vitreous  fibers  attached  to 
the  anterior  portion  of  the  retina  tear  a  hole  in  the  latter  through  which 
the  post-hyaloid  fluid  passes  and  detachment  is  accomplished.  By  this 
process  the  retina  may  be  separated  slowly  or  rapidly  without  increasing 
intraocular  pressure,  because  the  Contents  of  the  eye  are  not  increased,  the 
fluid  simply  changing  position.  During  all  these  changes  the  vitreous 
fibers  remain  invisible  and  the  vitreous  does  not  lose  its  transparency. 

Leber  and  Nordenson's  theory,  which  is  widely  accepted,  is  extremely 
plausible.  It  is  founded  upon  the  most  conscientious  laboratory  work  and 
every  microscopic  detail  described  can  be  confirmed  in  the  human  eye  and 
in  the  eyes  of  animals  in  which  the  retina  has  been  artificially  detached. 
Unfortunately,  however,  it  appears  that  all  the  pathologic  findings  in- 
duding  fibrillary  vitreous,  vitreous  fibers  and  post-hyaloid  spaces,  can  be 
found  in  any  eye  with  a  moderately  albuminous  vitreous,  which  has  been 
subjected  to  the  laboratory  methods  of  hardening.  Especially,  is  this 
true  in  mildly  inflammatory  conditions  in  which  the  fibrin  coagulates  into 
a  fine  network  and  deposits  appear  upon  the  vitreous  fibers. 

The  validity  of  the  retraction  theory  depends  upon  proving  that 
the  vitreous  fibers  possess  the  power  of  proHferation.  The  vitreous  con- 
tains  few,  if  any,  fixed  cells  and,  as  asserted  by  Circione,  GreeflF  and  others, 
it  is  improbable  that  the  vitreous  fibers  are  capable  of  reproduction,  re- 
generation  or  enlargement  and,  furthermore,  the  only  change  they  ever 
undergo  is  to  disappear.  According  to  Retzius  the  vitreous  framework 
tends  to  break  down  in  adult  life  and  give  place  to  spaces  containing  a  thin 
fluid,  and  in  the  aged  the  vitreous  may  be  entirely  liquified.  The  condition 
described  in  pathological  reports  as  fibrillary  degeneration  of  the  vitreous 
is  a  normal  condition  produced  in  the  foUowing  manner.  The  vitreous  is 
a  jelly-like  body  about  99  per  cent  of  which  is  water.  The  fluid  is  en- 
closed  in  an  extremely  delicate  membrane  and  supported  by  a  tangled 
mesh  of  long,  delicate  fibers  attached  mostly  in  front.  After  an  eye  has 
been  hardened  and  the  water  extracted,  these  fibers  are  seen  Streaming 
out  into  the  vitreous  cavity  in  long  tufts  like  a  horse's  tail  (Retzius)  (Fig. 
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110).  They  are  in  no  sense  pathologic,  but  if  inflammatory  conditions 
exist,  exudates  and  albuminous  matter  may  be  deposited  on  them.  Raehl- 
mann  denies  that  the  Undings  of  Leber  and  Nordenson  are  convincing, 
inasmuch  as  the  eyes  were  examined  long  after  detachment  occurred  and 
the  yitreous  changes  probably  developed  after  Separation  of  the  retina. 
The  retina  is  not  readily  drawn  f  rom  its  bed  and  it  is  incomprehensible  that 
this  can  be  accomplished  by  bands  in  the  vitreous  which  are  ophthalmo- 
scopically  invisible.*  Highly  developed  fibers  and  membranes  in  the  vit- 
reous seldom  lead  to  retinal  detachment  so  long  as  the  ciliary  body  supplies 
sufficient  fluid  to  support  tHe  vitreous  and  maintain  normal  intraocular 
pressure.  Fig.  112  represents  one  of  several  specimens  which  I  have 
examined  illustrating  this  fact.  Furthermore,  retinal  detachment  may 
occur  in  myopia  with  no  demonstrable  change  in  the  vitreous.  In  the 
Gase  of  ciliary  telangiectasis  (p.  288-289)  the  eye  was  enucleated  two  weeks 
after  spontaneous  detachment.  On  microscopic  examination  not  the  slight- 
cst  evidence  of  so-called  fibrillary  degeneration  of  the  vitreous  was  present; 
on  the  contrary,  the  vitreous  fibers  were  unusually  scanty  (Fig.  113). 
Even  shrinking  of  the  vitreous  f rom  contraction  of  inflammatory  exudates 
does  not  invariably  detach  the  retina  (Fig.  112). 

The  retraction  theory  requires  that  the  retina  Be  torn,  but  Nordenson 
found  rents  in  but  38  per  cent  of  his  cases.  In  the  discussion  following 
Leber's  presentation  of  the  retraction  theory,  Samelsohn  stated  that  he 
had  Seen  a  rupture  appear  on  the  summit  of  a  detachment  coincident  with 
improvement.  The  detachment  which  usually  foUows  violent  iridocyclltis 
and  shrinking  of  the  vitreous,  is  a  process  quite  distinct  from  the  fibrillary 
degeneration  and  detachment  of  Leber  and  Nordenson. 

Diffusion  Theory.  Raehlmann  affirms  that  retinal  detachment  is 
the  result  of  simple  osmosis.  To  construct  this  theory  he  assumes  the 
existence  of  the  following  conditions:  (1)  A  highly  albuminous  exudate 
from  the  choroid,  situated  behind  the  retina;  (2)  A  faintly  albuminous, 
fluid  vitreous  in  front  of  the  retina.  Here  are  two  fluids  of  different  density 
separated  by  the  thin  retina  which  acts  the  part  of  a  dialysing  membrane. 
When  these  two  fluids  differ  greatly  in  density,  difiusion  will  be  rapid; 
when  the  difierence  is  slight,  diffusion  will  be  slow.  In  accordance  with 
physical  law,  the  most  rapid  flow  is  toward  the  subretinal  space,  causing 
there  a  great  increase  of  pressure.    At  the  same  time,  the  vitreous  cavity. 


*GreeflF  tnily  says,  "the  cicatricial  bands  which  Deutschmann  severs  in  his  Opera- 
tion for  the  eure  of  detachment,  have  never  been  seen  either  opthalmoscopically  or  micro- 
scopically.  nor  have  they  been  feit  with  the  knife." 
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having  parted  wlth  more  fluid  than  it  has  receivcd,  will  have  its  pressure 
reduced.  The  high  pressure  behind  the  retina  is  supposed  to  burst  the 
membrane,  causing  the  rents  and  fissures  seen  In  detachment,  while  the 
low  pressure  in  the  vitreous  cavity  explains  the  retraction  of  the  lens,  deep 
anterior  Chamber  and  diminished  tension  of  old  retinal  detachment.  The 
frequent  absence  of  lacerations  in  retinal  detachment  is  urged  by  Raehl- 
mann  as  an  argument  in  favor  of  the  diffusion  theory  and  against  that  of 
retraction.* 

The  diffusion  theory  is  very  attractive  and  meets  the  requirements 
better  than  any  other  which  has  been  advanced.  Nevertheless,  it  is  not  free 
f rom  criticism.  It  is  difficult  to  accept  it  for  those  cases  in  which  detachment 
occurs  almost  instantaneously.  The  theory  also  shows  weakness  in  elabora- 
tion  of  details.  Thus,  if  diminished  eye  tension  is  due  to  difference  in 
pressure  between  the  vitreous  cavity  and  subretinal  space,  why  does  low 
tension  continue  when  the  retina  is  torn  and  the  two  cavities  communicate  ? 

That  subretinal  accumulations  of  fluid  do  occur  in  myopia  is  shown 
in  Fig.  160.  In  this  eye  there  was  not  the  slightest  tendency  for  the 
retina  to  become  detached.  Neither  did  the  vitreous  contain  the  usual 
number  of  flbrils. 

Hyperemic  Theory.  One  other  theory  appears  worthy  of  mention, 
namely,  that  of  Riva.  This  author  considers  that  congestion  of  the  cho- 
roid  alone  is  sufiicient  to  detach  the  retina.  Although  choroidal  hyperemia 
appears  inadequate  to  explain  serous  detachment,  it  is  a  matter  of  common 
Observation  that  Separation  of  the  retina  often  foUows  coughing,  vomiting, 
sneezing,  lifting  or  anything  which  produces  sudden  congestion  of  the  head. 
In  these  cases  it  is  fair  to  assume  that,  when  other  conditions  favor  de- 
tachment, the  determining  factor  is  congestion  of  the  choroid.  Congestion 
may  be  an  important  dement  also  in  the  detachment  that  foUows  appli- 
cation  of  blunt  force  to  the  eye.  A  Variation  of  the  hyperemic  theory  is 
advanced  by  Dor,  who  thinks  that  in  certain  diseases  the  blood  pressure  is 
diminished  in  the  ciliary  body  and  increased  in  the  choroid,  conditions  favor- 
able  to  retinal  detachment. 

Iridocyclitis.  In  this  disease  it  is  demonstrable  that  the  retina  is 
dragged  inward  by  contraction  of  inflammatory  bands.  Inflammatory  ex- 
udates  are  deposited  in  the  anterior  part  of  the  vitreous,  become  vascu- 
larized  and  converted  into  Strands  of  fibrous  tissue  attached  to  the  ciliary 
body  and  retina  (Fig.  114).    Contraction  of  this  tissue  leads  to  detachment 


♦Von  Graefe  suggested  pressure  of  a  subretinal  exudate  as  a  cause  for  detachment. 
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of  the  retina.  Progressive  softening  and  shrinking  of  the  globe  ensue, 
constituting  the  condition  known  as  phthisis  bulbi.  Probably,  the  fluid 
portion  of  the  vitreous  is  secreted  entirely  by  those  cells  of  the  pars  eil- 
Itaris  retina  which  extend  f  rom  the  ora  serrata  to  the  ciliary  processes.  In 
q/'clitis,  these  cells  süßer  and  the  vitreous  is  altered  in  composition  and 
cUminished  in  quantity.  In  some  cases  of  phthisis  bulbi,  the  presence  of 
adventitious  bands  attached  to  the  retina  is  not  demonstrable.  In  such 
cases  it  is  probable  that  detachment  of  the  retina  is  due  to  the  amount  of 
vitreous  being  insufiicient  to  hold  the  retina  in  position. 

Hemorrhagic  Detachment  of  the  Retina.  This  is  a  clinical 
Classification  induding  only  cases  of  subretinal  hemorrhage  in  which  the 
retina  is  not  ruptured  or  the  vitreous  fiUed  with  blood.  The  bleeding  may 
come  from  either  the  retina  or  choroid.  Ophthalmoscopically,  the  detach- 
ment has  a  dark  brown  or  black  tint.  It  occurs  usually  in  the  subjects  of 
arteriosderosis,  although  Schöbl  states  that  such  hemorrhages  are  seen  also 
in  anemic  youths  and  chlorotic  girls.  I  have  microscopically  examined  one 
such  case  which  occurred  in  a  man,  40  years  of  age,  afiected  with  general 
arteriosderosis.  The  retina  was  detached  by  bleeding  into  the  choroid. 
The  source  of  hemorrhage  appeared  to  be  one  of  the  vena  vorticosae  which 
was  closed  by  a  fibrous  plug,  probably  an  organized  thrombus  (Figs. 
115-116). 

Traümatism.  Detachment  frequently  foUows  blows  to  the  eye,  brow 
er  temple.  Galezowski  says  that  weeks  or  months  may  intervene  between 
the  blow  and  resulting  detachment.  This  fact  has  an  important  medico- 
legal  bearing.  These  cases  usually  are  myopic,  but  the  amount  of  myopia 
is  unimportant,  a  blow  producing  detachment  with  equal  readiness  in 
either  low  or  high  degrees. 

Detachment  of  the  retina  may  be  congenital.  J.  S.  Fernandez  has 
reported  an  instance  in  which  two  out  of  five  children  in  one  family  were 
born  with  total  detachments  in  both  eyes.  Syphilis  was  not  established  as 
a  cause.  From  the  descriptions,  most  of  the  published  cases  appear  to  be 
examples  of  metastatic  retinitis.  I  have  microscopically  examined  similar 
congenital  cases  in  which  the  retina  was  totally  detached  and  matted 
together  by  exudates,  while  the  aqueous  and  lens  were  perfectly  transparent 

(Fig.  117). 

Certain  systemic  diseases  have  been  regarded  as  bearing  a  causative 
relation  to  detachment  of  the  retina.  Galezowski,  whose  experience  with 
this  affection  is  enormous,  regards  rheumatism  as  one  of  the  chief  causes. 
Among  1158  cases  of  spontaneous  detachment  he  found  an  arthritic  di- 
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athesis  in  732.  Good  reasons  appear  for  attributing  somc  cases  to  syphiüs. 
Nephritis,  undoubtedly  is  causativc.  Dctachincnt  has  been  attributed  also 
to  dtabetes,  malaria,  crysipelas  and  infectious  diseases,  but  relacionship 
to  these  affections  remains  to  be  cstablishcd.  A  patient  of  Beilecontre's 
with  Gravc's  dlsease,  had  dctachmcnt  aftcr  divisinn  of  the  cervicle  sympa> 
thetic.  Sthirmcr  rcports  thc  casc  of  a  girl  with  slight  myopia  who  suffered 
detachment  of  the  nght  retina  during  chloroforiii  ancstliesia. 

The  various  thcories  which  havc  bccn  discusscd  in  the  preceding 
pages  agree  In  this:  (hat  both  myopia  and  fluidJty  of  thc  vitreous  sirongly 
predisposc  to  detachment  of  the  retina-  Myopia  produces  fluidity  of  the 
vitreous,  but  fluidity  may  devl""  '''<"»  in  non-myopic  eyes.  The  mcch- 
anism  of  serous  detachment  a  msist  of  a  fluid  passing  from  the 

vitreous  cavity  into  thc  subre  It  is  highly  probable  that  this 

transposition  of  fluid  occurs  in  ^  s.    It  is  casy  to  understand  how  it 

may  trickle  through  an  atro]  or  pour  through  a  rent.     Undcr 

proper  conditions  the  <io"  Raehlmann,  undoubtedly,  woultl 

be  operative.    If  tan£  e  retina,  as  afler  inllammation  or 

penetrating  wounds,  ild  produce  detachment.    A  more 

careful  study  should  lenf  of  those  cells  which  furnish 

the  vitreous  fluid.  -tachments,   not   always  cllnically 

distinguishable  from  s«-"'"!  ippear  to  be  caused  by  exudation 

from  the  choroid. 

The  Pathologie  detachment  has  been  described 

mostly  in  connection  witti  its  etiology.  A  few  disconnected  detaÜs,  how- 
ever,  remain  which  require  mention.  The  majority  of  microscopic  examin- 
ations  have  been  made  in  old  cases  in  which  degenerative  changes  In  the 
retina  and  vitreous  may  have  been  secondary  to  Separation  {Flgs.  118-119}. 

I  have  examlned  one  case  enucleated  two  weeks  after  spontaneous 
detachment  (page  288-289).  The  vitreous  and  subretinal  fluid  contained 
very  little  albumin.  Vitreous  (ibers  were  scanty  (Fig.  113).  Not  thc 
slightest  trace  of  "  fibrillary  degeneratlon  "  of  the  vitreous  was  dlscovered. 
The  detachment  was  extensive  and  Included  the  macula.  The  detachcd  por- 
tion  of  retina  was  edematous.  In  the  macular  rcgion  and  at  the  fovea,  the 
rod  and  cone  layer  were  well  preserved  (Fig.  120).  There  was  neither 
exudation  from  the  choroid  nor  evidence  of  infiammatory  action  in  any 
part  of  the  eye. 

Saltzman  found  defects  in  the  lamina  etastica  of  the  choroid  in 
myopia.  Like  all  so-called  elastic  membranes,  this  layer  does  not  Stretch 
well,  and  when  the  eye  elongates  it  becomes  fissured.     Fluid  from  the 
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dioroid  passes  through  the  fissures,  causing  proliferation  of  the  pigmented 
epithelium  with  fusion  and  scaring  of  retina  and  choroid.  Choroidal  and 
retinal  adhesions  tend  to  prevent  detachment,  but  Hortsman  has  seen  Sep- 
aration occur  in  such  cases.  Elschnlg  considers  these  points  of  adhesion  as 
the  origin  of  the  rents  that  occur  in  detached  retinas.  The  hole  is  pro- 
duced  by  tearing  out  a  piece  of  adherent  retina  which  remains  attached 
to  the  choroid  when  Separation  occurs.  Treacher  CoUins  has  micro- 
scopically  examined  two  cases  in  which  the  exact  condition  described  by 
Elschnig  existed.  He  also  calls  attention  to  the  common  picture  of  a  retina 
detached  except  at  one  or  two  places  which  are  regarded  as  points  of 
adhesion  that  later  may  break  away,  leaving  a  hole  in  the  retina.  Leber 
considers  the  inrolling  edges  of  a  retinal  laceration  as  evidence  of  vitreous 
traction,  but  the  natural  tendency  of  a  torn  retina  is  to  curl  inward.  El- 
schnig saw  a  case  of  retinal  tear  in  which  inrolling  was  prevented  by  a 
retinal  vessel  which  crossed  the  opening.  Schrenberg  examined  a  case  of 
detachment  occurring  in  the  albuminuria  of  pregnancy.  He  found  extensive 
exudation  between  the  retina  and  choroid  and  thrombosis  of  many  choroidal 
vessels.  Much  has  been  written  about  exudation  from  the  choroid  as  a 
cause  of  detachment,  but  the  choroid  also  possesses  the  power  of  ab- 
sorption,  and  it  is  possible  that  removal  of  subretinal  fluid  by  the  choroid 
may  assist  in  lowering  intraocular  tension  in  old  serous  detachment. 
Schwalbe  describes  a  lymph  space  between  the  pigmented  epithelium  and 
the  layer  of  rods  and  cones  which  may  be  of  importance  in  detachment. 
In  large  detachments  the  subretinal  fluid  is  more  albuminous  than 
the  vitreous.  In  a  measure,  this  may  be  due  to  its  isolated  Situation  where 
loss  of  fluid  is  not  easily  replenished  from  the  ciliary  body. 
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Chapter  IX. 

DEGENERATIONS  OF  THE  RETINA. 

Retinitis  Pigmentosa  (Pigmcntary  Degeneration  of  the  Retina). 
This  disease  is  a  non-inflammatory,  progressive  atrophy  of  the  entire 
retina,  attended  by  immigration  inward  of  cells  and  pigment  from  the 
layer  of  tessellated  epithelium.  The  dinical  Symptoms  are  remarkably 
uniform  and  characteristic,  the  great  majority  of  cases  being  typical.  The 
changes  observed  with  the  microscope  are  wholly  degenerative.  In  well 
developed  cases  an  anterior  zone  of  the  retina  is  covered  with  a  network  of 
jet-bladc  pigment.  The  pigment  deposits  consist  of  small  branching  lines 
which  form  figures  that  have  been  compared  to  bone  corpusdes  or  Haver- 
sian  canal  Systems.  Generally,  the  deposits  follow  the  course  of  retinal  ves- 
sels  or  where  vessels  once  existed.  The  pigment  often  lies  in  front  of  the 
vessels,  proving  that  it  is  situated  in  the  inner  layers  of  the  retina.  Excep- 
tionally,  it  tends  to  dump,  but  in  nearly  all  cases  a  few  branched  deposits 
also  are  present.  The  pigment  is  never  connected  with  white  patches,  hem- 
orrhages  or  exudates.  Toward  the  disc  the  deposits  become  fewer  and 
f ewer  until  they  cease,  leaving  an  unpigmented  region  around  the  nerve  and 
macula.  In  the  latest  stages  of  the  disease  these  regions  also  become  pig- 
mented.  The  amount  of  pigmentation  varies  widely  in  different  cases.  It 
may  form  a  dose  meshwork  or  be  limited  to  a  few  scattered,  spider-like  fig- 
ures; in  rare  cases,  it  may  be  lacking.  The  disc  assumes  the  dirty-yellow  cast 
of  retinitic  atrophy.  In  old  cases  scattered  colloid  dots  (drusen)  may  de- 
velop  in  the  retina.  As  the  atrophic  process  advances,  the  larger  retinal  ves- 
sels become  greatly  narrowed  and  can  no  longer  be  traced  to  the  periphery, 
while  the  smaller  branches  become  invisible.  Shrinking  of  the  vessels  pro- 
ceeds  uniformly,  differing  in  this  respect  from  the  irregularly  distributed  de- 
generation  of  arteriosderosis.  Rarely  do  the  vessels  exhibit  white  borders 
or  lines,  angiosderotic  changes  being  conspicuously  absent.  Pigmentation 
commences  in  a  zone  just  anterior  to  the  equator  in  the  region  where  the 
posterior  and  recurrent  ciliary  arteries  of  the  choroid  anastomose.  From 
this  zone  the  area  of  pigmentation  extends  backward  toward  the  posterior 
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pole  and  forward  toward  the  ora  scrrata.     It  has  been  stated  that  pig- 
mentation  is  mo3t  abundant  on  the  temporal  side  of  the  fundus. 

Both  eyes  are  ahected  in  all  cases.  As  a  ruie,  the  disease  is  con- 
genital er  commences  in  early  childhood.  The  first  and  most  conspicuous 
subjective  Symptom  is  night  blindness  (hemcralopia)  which  exists  long 
before  contraction  of  the  field  can  bc  demonstrated.  The  usual  history  is, 
that  from  childhood  the  patient  has  seen  little  or  nothing  at  night  or  in 
a  dim  light,  but  has  had  perfect  vision  in  füll  daylight.  This  indicates  a 
torpid  State  of  the  retina.  All  perception  of  light  is  lost  first  in  the  anterror 
Zone  of  disease,  the  blind  belt  slowlv  widenino-  toward  both  center  and  per- 


iphery.  Vision  becomes  more  a 
in  course  of  ttme,  the  patient  se 
Orientation  suAers,  and  alth' 
print,  they  are  unable  to  w 
disease,  the  Visual  fields  may 
lumination  is  reduced  shrinklj 
In  typical  cases  blindness  cor 
light  may  be  necessary  to  d 
scotoma  may  not  be  uniform 
ring  scotoma.  In  other  casei 
peripheral  contraction  (Fig. 
and  pigmentation  begin  in  thi 
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1  may  be  able  to  read  fine 
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g.  121).     Extension  of  the 
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but  the  amount  of  pigmentation  bears  no  relation  to  the  degree  of  retinal 
atrophy  or  loss  of  functron.  No  particular  changc  occurs  in  the  color 
sense.  Sometimes  the  fields  for  colors  contract  before  that  for  white,  but 
in  most  cases  the  two  contract  simultaneously  and  maintain  their  normal 
relations.  Photopsis  are  very  rare.  Leber,  among  54  cases  of  retinitis 
pigmentosa,  saw  but  one  whIch  complained  of  sparks  and  flashes  of  light. 
The  presence  of  photopsia;  raises  the  presumptlon  that  the  case  is  one 
of  Chorioretinitis  rather  than  retinitis  pigmentosa.  In  some,  but  not  all 
cases,  dispersion  of  retinal  pigment  leads  to  exposure  of  the  choroidal 
vessels.  In  this  disease  the  choroid  Is  atrophic  and  the  pigment  accumulates 
in  the  intervascular  Spaces. 

Stereogram  53.  Retinitis  Pigmentosa.  Retinitic  Optic  At- 
rophy.* Right  eyeground  of  a  very  dark  complexioned  woman,  38  years 
of  age.  Family  history  unreüable.  Both  eyes  equally  affected.  Has  nevcr 
been  able  to  see  in  a  dim  light.    Concentric  contraction  of  the  visual  fields 


•  From  German  Poliklinik.    Service  of  Dr.  H.  W.  Wootton. 
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progresttvely  advanced,  but  fair  central  vision  was  retained  until  three 
years  ago  when  that  also  failed.  At  the  present  time  she  has  bare  percep- 
tion  of  light.  Ophthalmoscoptc  Picture.  Probably,  this  fundus  was  oncc 
very  dark.  The  posterior  pole  still  retains  suf&cient  pigment  to  hide  the 
choroidal  vessels,  but  in  the  equatorial  and  anterior  zones  the  choroid  is 
exposed  Exccpt  immediatcly  around  the  nerve,  the  retina  is  covered 
with  large,  branching,  pigment  figures  of  the  peculiar  "  bone  corpusclc  " 
form  found  in  retinitis  pigmentosa.  The  pigment  figures  lie  in  front  of 
the  retinal  vessels  when  the  two  are  in  contact.  In  addition  to  the  pigment 
deposits,  the  retina  contains  a  numbcr  of  scattered,  yellowish  dots,  sup- 
posed  to  be  identical  with  the  colloid  bodies  or  drusen  shown  in  stcrcograin 
27.  The  main  retinal  vessels  are  greatly  narrowed,  while  the  smaller 
branches  have  whoUy  disappeared.  The  optic  disc  presents  the  peculiar 
yellowish-grey  discoloration  characteristic  of  atrophy  secondary  to  dcgciier- 
ation  of  the  retina.  The  disc  is  rather  "  hazy  *'  and  the  markings  of  the 
lamina  cribrosa  are  invisible. 

DiAGNOSis.  The  fundus  picture  is  that  of  retinal  atrophy.  That 
this  is  due  to  retinitis  pigmentosa  is  indicated  by  the  history  of  night 
blindness  commencing  in  childhood  and  progressive,  concentric  contraction 
of  the  fields,  terminating  in  blindness.  Chorioretinitis  is  exdudcd  hy  the 
absence  of  white  fundus  patches  or  other  evidence  of  inflammatory  cxu- 
dation  and  also  by  the  symmetrical  and  uniform  distribution  of  the  Icsions. 

Atypical  Forms.  Retinitis  Pigmentosa  Sine  Pigmento.  This 
is  a  rare  form  of  retinal  atrophy  with  the  history  and  course  of  retinitis 
pigmentosa.  There  is  night  blindness,  contraction  of  the  visual  ficlds, 
atrophy  of  the  optic  nerve  and  narrowing  of  the  vessels,  but  the  discasc 
is  unaccompanied  by  pigmentation  of  the  fundus. 

Retinitis  Punctata  Albescens.  In  this  form  of  retinal  atrophy 
the  fundus  is  studded  with  white  dots  instead  of  pigment.  See  stcrcogram 
54. 

Atrophia  Gyrata  CHOROID2E  et  Retinae.  The  above  title  has  been 
applied  to  a  form  of  retinal  atrophy  described  by  Jacobson  and  by  Colman 
Cutler  but  classified  and  named  by  Fuchs.  It  appears  to  be  a  diseasc 
dosely  related  to  retinitis  pigmentosa,  in  which  choroidal  atrophy  is  unduly 
prominent.  In  addition  to  all  the  Symptoms  of  retinitis  pigmentosa,  there 
is  extreme  atrophy  of  the  choroid  which  commences  in  the  form  of  round, 
discreet,  white  spots  distributed  throughout  the  posterior  hcmispherc.  The 
choroidal  spots  spread  until  they  become  confluent,  but  before  fusion  is 
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complete  they  are  scparatcd  froni  cach  other  by  strips  and  Islands  of 
normal  chorold.  In  advanced  cases  only  a  narrow  ring  of  normal  chordid 
surrounds  the  disc,  outslde  of  which  the  choroid  is  white  and  atrophic. 
The  retina  is  pigm^nted  and  atrophic,  but  the  choroid  is  prematurely  af- 
fected  at  the  posterior  pole,  differlng  in  this  regard  from  retinitis  pig- 
mentosa in  which  atrophy  occurs  synchronously  in  both  choroid  and  recina 
and  a  lifetime  may  elapse  betöre  the  central  field  is  invaded.  The  Situation 
and  development  of  the  choroidal  degeneration  suggest  an  oblitcrating 
disease  of  the  posterior  ciÜary  arteries. 

A  few  cases  have  been  reported  as  retinitis  pigmentosa  in  which 
pigmentation  commenced  around  the  disc  and  extended  toward  the  periph- 
ery.*     AU  these  cases  lacked  the  typic  iturcs  of  retinitis  pigmentosa, 

namely,  famlly  history,  hcmeraloDia,  < 
üelds,  etc.    Therefore,  they  sh<         nc 
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The  samc  criticism  applies  to 
scotoma.    If  in  genuine  rctinir 
to  peripheral  scotoma,  it  is  p 
cations  exist.t 

Certain  types  of  visual 
nitis  pigmentosa.  These  are: 
tric  contraction;  (3)  Irregu 
contraction  with  retention  ol  ^,^.1) 
visual  fields  should  be  accepted  as  gcnumc 
have  been  reported  of  pigmentary  degeneration  of  the  retina  that  were 
afFected  with  day  blindness  (nyctalopia)  instead  of  night  blindness,  the 
retina  being  hypersensitive  instead  of  torpid.  Such  a  condition  is  so  at 
variance  wtth  the  vast  majority  of  genuine  cases  that  the  diagnosis  must 
be   regarded  as  extremely  doubtful. 

The  following  form  of  congenital  blindness  has  been  described  by 
Mooren  and  also  by  Leber.  That  the  infant  is  blind  is  infcrred  from  the 
presence  of  nystagmus.  During  the  first  six  months  of  life  no  changes  are 
Seen  in  the  fundus.  Then  occurs  thinning  of  the  pigment  layer  and  fine 
black  Specks  appear  in  the  retina.  Later,  the  fundus  presents  the  picture 
of  retinitis  pigmentosa. 


•Scimemi ;    Sichel ;    Knapp ;    Dujardin. 

tSchmidt, 

tMellinger  has  recorded  a  case  as  retinitis  pigmentosa  with  normal  fields,  but  the 
case  was  olherwise  atypical.  The  right  eye  was  blind  from  glaucoma  and  the  left  did  not 
show  atrophy  of  the  vessels. 
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Wilbrand  and  Saenger  quote  nine  cases  reported  as  unilateral  retinitis 
pigmentosa.  This  disease  is  so  generally  bilateral  and  its  course  in  the 
two  eyes  so  symmetrical,  that  cases  reported  as  confined  to  one  eye  should 
not  be  accepted  as  genuine.  In  considering  this  and  other  atypical  forms 
of  retinitis  pigmentosa,  it  should  be  borne  in  mind  that  this  disease  may  be 
simulated  so  dosely  by  other  conditions,  especially  congenital  Syphilis,  as 
to  be  almost  if  not  quite  indistinguishable.  A  doubtful  class  of  cases  are 
those  of  congenital  pigmentation  of  the  retina  without  impairment  of 
vision.'*'  It  is  evident  that  these  could  not  be  cases  of  retinal  atrophy, 
which  is  the  essential  feature  of  retinitis  pigmentosa. 

Retinitis  pigmentosa  is  not  especially  infrequent.  Rosenbaum  esti- 
mated  the  ratio  as  1.5  cases  per  1,000  of  general  eye  diseases.  Schöbl  found 
ten  cases  among  11,556  eye  patients.  The  disease  exhibits  a  preference 
for  the  male  sex.  In  191  published  cases  there  were  138  males  and  53 
females.  The  Semitic  races  are  said  to  be  more  frequently  affected  than 
the  Aryans. 

Course  of  the  Disease.  In  the  great  majority  of  cases  pigmentary 
atrophy  of  the  retina  appears  first  in  childhood  and,  undoubtedly,  many 
cases  are  congenital.  The  disease  develops  simultaneously  and  uniformly 
in  both  eyes  and  its  progress  is  extremely  slow.  Central  vision  and  color 
sense  usually  remain  normal  in  a  good  light,  until  the  limit  of  the  visual 
iield  approaches  the  15th  parallel,  when  both  fail.  This  usually  occurs 
between  the  40th  and  60th  years  when  hopeless  blindness  develops.  Cases 
are  reported  in  which  some  vision  has  been  retained  until  the  80th  year. 
In  others  blindness  has  ensued  at  an  early  age,  sometimes  in  the  ISth  or 
20th  year. 

In  true  retinitis  pigmentosa  no  interruption  or  arrest  of  the  disease 
can  be  expected.  Cases  in  which  improvement  is  said  to  have  occurred  are 
too  unusual  and  remarkable  to  affect  the  unfavorable  prognosis.f  On  the 
other  band,  the  course  of  Chorioretinitis  sometimes  may  be  arrested,  and  as 
certain  cases  of  the  latter  disease  are  difficult  to  differentiate  from  retinitis 
pigmentosa,  individual  cases  may  be  treated  in  the  hope  that  they  belong 
to  a  spurious  type. 

CoMPLiCATiONS.  Posterior  cortical  cataract  in  one  or  both  eyes 
frequently  complicates  retinitis  pigmentosa.  It  was  present  in  54  out  of 
182  cases  cited  by  Wilbrand  and  Saenger.     These  cataracts  advance 
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very  slowly  or  remain  stationary.  Recent  literature  would  indicate  that 
glaucoma  was  an  infrequent  complication  of  pigmentary  atrophy  of  the 
retina.  About  20  cases  are  published  in  which  this  combination  was  sup- 
posed  to  exist.  In  several  of  these  the  diagnosis  of  retinitis  pigmentosa  was 
not  dearly  established.  Glaucoma  is  a  common  disease  and  it  remains  to  be 
proven,  that  its  occurrence  with  pigmentary  atrophy  is  more  than  mere 
coincidence.  E.  von  Hippie  examined  a  case  of  glaucoma  in  which  the 
retina  was  pigmented.  The  pigment  dld  not  come  from  the  retinal  epi- 
thelium,  but  was  supposed  to  have  separated  from  the  ciliary  processes 
and  been  carried  by  leucocytes  to  the  retina.  Both  Schweigger  and  Parsons 
have  Seen  a  retina  pigmented  in  this  manner  and  Knape  saw  a  retina  which 
became  pigmented  after  detachment. 

Etiology.  The  most  potent  etiologic  factor  is  heredity.  Frequently 
several  children  of  the  same  parents  (siblings)  are  affected.  It  foUows 
both  by  direct  and  indirect  descent.  Descent  may  be  intermittent  and  the 
disease  may  reappear  after  remaining  latent  for  three  or  four  generations. 
Blood  relationship  of  parents  appears  to  be  of  etiologic  importance, 
although  its  influence  is  denied  by  some  authors.  MacNamara  affirms 
that  in  India  where  religion  successfuUy  prohibits  marriage  between  rela- 
tives, retinitis  pigmentosa  is  as  frequent  as  elsewhere.  Nevertheless,  it 
is  a  matter  of  common  Observation  that  in  many  cases  parental  consan- 
guinity  exists.  Both  Liebreich  and  Beyer  found  it  in  one  half  of  their 
cases,  but  this  percentage  is  too  high,  subsequent  statistics  having  shown 
the  Proportion  to  be  about  25  per  cent.  The  subject  of  heredity  in  this 
and  other  diseases  has  been  elaborated  by  Nettleship  and  he  leaves  the 
question  undecided,  but  states  that  it  is  of  importance  in  retinitis  pig- 
mentosa only  whcn  both  parents  are  of  tainted  stock.  Among  976  fam- 
ilies,  including  1681  persons  with  retinitis  pigmentosa,  he  found  heredity 
without  consanguinity  in  23.5  per  cent.  Consanguinity  without  heredity  in 
23  per  cent;  and  combined  heredity  and  consanguinity  in  3  per  cent.  Syph- 
ilis has  been  rcgarded  by  many  as  a  common  cause  of  retinitis  pig- 
mentosa, and  Bocchi  states  that  it  usually,  if  not  always,  depends  upon 
Syphilis  of  two  or  three  generations  back.  This  view  is  regarded  as 
erroneous,  the  error  being  due  to  the  dose  resemblance  between  Chorio- 
retinitis pigmentosa  (Stergm.  22)  and  retinitis  pigmentosa.  Schön  saw 
seven  cases  of  retinitis  pigmentosa  of  which  four  were  rachitic,  truly 
an  exceptional  experience.  Hemeralopia,  with  and  without  pigmentation 
of  the  retina,  has  been  observed  in  connection  with  chronic  diseases  of 
the  liver.    Landolt  considered  that  an  intimate  relationship  existed  between 
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hepatic  ctrrhosis  and  diseases  of  the  choroid  and  retina,  a  theory  which 
has  not  been  proven.  Pigmentation  dosely  resembllng  that  which  occurs  in 
retinitis  pigmentosa  is  often  seen  in  eyes  blinded  by  injuries,  especially 
whcn  the  eye  contains  a  forcign  body  (Fig.  127).  Despite  the  most 
careful  inquiry,  a  large  number  of  cases  remain  for  which  no  present  or 
remote  cause  £or  the  disease  can  be  discovered.  This  was  true  in  six 
out  of  22  cases  reported  by  Webster,  which  is  about  the  usual  ratio.  True 
pigmentary  atrophy  of  the  retina  may  not  be  a  disease,  but  a  congenital 
structural  defect.  This  view  is  strongly  supported  by  its  frequent  associa- 
tion  with  imperfections  in  the  nervous  System  and  malformations  of  the 
body.  The  most  frequently  associated  nervous  defects  are  imbecility  and 
idiocy  which  exist  in  about  10  per  cent  of  all  cases.  Deafmutism  and 
deafness  are  very  common.  Leibreich  in  38  cases  of  retinitis  pigmentosa 
found  14  deaf  mutes,  and  among  241  deaf  mutes  he  found  14  with  retinitis 
pigmentosa.  These  percentages  are  too  high,  Webster's  ratio  of  2  cases 
of  deafmutism  among  22  of  pigmentary  atrophy  being  more  accurate.  A 
larger  proportion  are  deaf  but  not  mute.  Many  cases  are  associated  with 
epilepsy  and  arrested  body  development.  Nearly  all  the  ocular  malforma- 
tions have  been  reported  as  occurring  with  retinitis  pigmentosa,  namely, 
coloboma  of  the  iris,  lens  and  choroid ;  microphthalmus,  keratoconus,  pto- 
sis,  high  myopia,  subluxated  lens,  persistent  hyaloid  artery  and  manifest 
canal  of  Cloquet.  CoUoid  masses  on  the  disc  (drusenbildung)  occur  in 
some  cases  of  retinitic  pigmentation.  Some  cases  exhibit  nystagmus  or 
Strabismus.  The  most  frequent  coexisting  body  deformities  are  poly- 
dactilia,  harelip  and  clubbed  feet.  Other  malformations  are  not  unusual. 
It  is  possible  that  retinitis  may  be  a  local,  premature  senility ;  in  other  words, 
the  life  period  of  the  retina  is  shorter  than  that  of  other  body  organs. 
Cases  which  exhibit  vitreous  opacities,  interstitial  keratitis  or  iritis  should 
be  regarded  as  either  syphilitic  or  tubercular. 

DiAGNOSis.  In  typical  cases,  the  f  amily  history,  course  of  disease  and 
ophthalmoscopic  picture  of  retinitis  pigmentosa  are  unmistakable.  Atypical 
and  doubtful  cases  are  the  exception.  Cases  which  present  all  features  of 
the  disease  except  pigmentation  or  those  in  which  white  dots  occur  instead 
of  pigment,  are  accepted  as  aberrant  types  of  retinitis  pigmentosa.  The 
presence  of  day  blindness  instead  of  night  blindness  tends  to  invalidate 
the  diagnosis.  The  most  frequent  error  in  diagnosis  occurs  in  Chorio- 
retinitis with  secondary  pigmentation  of  the  retina.  The  formation  of  pig- 
ment spider  figures  in  the  retina  is  not  peculiar  to  retinitis  pigmentosa 
but  may  occur  whenever  the  tessellated  epithelium  is  displaced  or  suffers 
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Reliiiilis    Pigmenlosa.     Fiat    Preparalion    Showing    Boii(--corpu,'icle    Arrangement    o( 
Pigment. 


Relinitis  Pigmentosa.     Tlic-re  is  l.iir. .  i  ■  .1     M;..|.liy  ..t  tlie  Rolina  except  in  llie  Macular 
Region  where,  as  shown  in  tlie  sciiiuii,  ihe  Difftrent  Layers  are  Distinguishable. 
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death.  The  only  certain  pathologic  alteration  was  degeneration  of  the 
rods  and  cones  which  Stock  regarded  as  a  primary  aSection.  It  is  difEcult 
to  understand  how  an  affection  of  the  neuroepithelium  can  induce  the 
choroidal  atrophy  of  retinitis  pigmentosa.  Gonin  and  Nettleship  agrce 
that  the  cause  of  the  disease  may  be  an  insufEcient  supply  of  blood  to  the 
choroid,  connected  in  some  way  with  the  anastomoses  between  the  posterior 
and  recurrent  ciliary  arteries,  which  occur  in  that  zone  of  the  fundus  where 
retinitis  pigmentosa  commences.  Experiments  upon  animals  are  instnictive 
but  indecisive  as  to  the  primary  seat  of  retinitis  pigmentosa.  Thus,  section 
of  the  optic  nerve  and  posterior  ciliary  arteries,  deprives  both  choroid 
and  retina  of  blood  and  is  foUowed  by  pigmentation  of  all  layers  of  the 
retina.  Wagenmann  demonstrated  that  no  pigmentation  foUowed  section 
of  only  the  nerve  and  retinal  vessels.  Krfickmann  carefully  divided  a  few 
posterior  ciliary  arteries,  expecting  to  shut  off  the  blood  from  circum- 
scribed  regions  of  the  choroid,  but  migration  of  pigment  occurred  only 
where  the  external  limiting  membrane  was  ruptured.  Krückmann's  ex- 
periments  are  incondusive,  owing  to  the  free  anastomoses  between  cho- 
roidal vessels. 

I  have  had  but  one  opportuntty  to  microscopically  examine  an  eye 
affected  with  retinitis  pigmentosa.  The  patient  was  64  years  of  age  and 
totally  blind.  The  left  eye  was  attacked  by  ulcerative  keratitis  and  enu- 
deated  for  relief  of  pain.  As  the  microscoplc  findings  correspond  in  all 
essential  features  with  the  examinations  made  by  others,  it  is  presented 
in  Heu  of  further  description.  The  anterior  section  of  the  eyeball  pre- 
sented the  usual  features  of  keratoiritis.  The  Cornea  was  not  perforated 
externally,  but  Descemet's  membrane  was  ruptured.  The  lens,  anterior 
to  the  equator,  appeared  normal.  At  the  posterior  pole  was  a  zone  pre- 
senting  the  usual  features  of  cataractous  degeneration.  The  retina  was 
adherent  to  the  choroid  in  places  and  could  not  be  separated  without  tear- 
ing.  Fiat  preparations  showed  bone  corpuscle-shaped  deposits  of  pigment 
covering  all  parts  of  the  retina  except  around  the  nerve  and  macula 
(Fig.  123).  Atrophy  of  the  retina  was  universal,  and  few  normal  Cle- 
ments remained,  although  in  the  macular  region  the  different  layers  were 
still  distinguishable  (Fig.  124).  Here,  the  nerve  fiber  and  ganglion  cell 
layers  (a)  were  thickened  and  consisted  largely  of  neuroglia  and  con- 
nective  tissue.  The  inner  reticular  (b)  and  nuclear  (c)  layers  were  com- 
paratively  well  preserved.  The  outer  reticulum  (d)  was  highly  atrophic 
and  the  outer  nuclei  (e)  were  reduced  to  a  single  cell  layer.  The  rods 
and  cones  were  not  distinguishable  as  such  but  were  replaced  by  fibers 
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and  young  connective  tissuc  celU  {/).  The  laycr  of  pigmcnted  cpithetium 
(0)  was  irregularly  thickencd  and  some  cells  wcre  loosened  but  therc 
was  no  migration  of  pigmcnt.  The  choroid  was  better  preserved  here 
than  in  other  regions.  In  the  remaining  parts  of  the  retina,  the  normal 
structurc  was  replaced  by  a  network  of  fibrous  tissue  which  took  a 
yellow  color  with  Van  Giesen's  stain.  In  most  regions  this  tissue  formed 
a  mcre  tangle.  The  pigmented  epilhelium  was  irregularly  distributed  and 
many  cells  were  poorly  pigmented  (Fig.  125).  In  some  places  the  pig- 
mcnt had  disappeared  and  in  others  proÜferated.  Pigmented  cells  and 
free  pigment  wcre  scattcred  thrnuoh  the  sclerosed  retina.     The  blood 
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in  Figure  127.  The  retinal  changes  are  microscopically  indistinguishable 
from  thosc  of  retinitis  pigmentosa,  but  the  choroid  is  comparatively  nor- 
mal while  in  true  retinitis  pigmentosa  it  always  is  degeneratcd. 

In  many  pathologic  reports  it  is  stated  that  a  sharp  line  of  demarca- 
tion  separates  the  affected  from  the  unaffected  parts.  Ginsberg  found  the 
macular  region  nearly  normal.  Capauner  believes  the  pigmented  epi- 
thelium  may  develop  ameboid  movement,  and  he  regards  pigmentation 
of  the  retina  as  due  to  active  emigratlon  of  the  cells.  If  the  retinal  epithe- 
lium  posscsses  such  function  it  does  not  appear  to  be  exercised  in  retinitis 
pigmentosa,  inasmuch  as  the  cells  appear  to  perish  and  part  with  pigment 
before  emigratlon.  Probably,  they  are  passively  transported  by  the  retinal 
currents  and  deposited  in  the  perivascular  sheaths.  Possibly,  the  pig- 
ment obstructs  the  lymph  spaces  and  induces  atrophy  of  the  vessels.  I 
have  found  no  pathologic  report  of  a  case  in  which  the  retina  contained 
no  pigment,  but  in  a  case  examined  by  Poncet,  pigment  too  fine  to  bc  oph- 
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Fig.  187— Retinal  Cbange- 
1ü   Injury   and    Indislinguishnbli 
Mioroscopitally    from    Reliniii 
Pigmentosa.   Tbc  Clioroid,  how 
ever.  is  Normal. 
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thalmoscopically  visible  was  dcmonstrated  with  thc  microscope.    The  optic 
atrophy  corresponds  in  degree  with  that  which  exists  in  thc  retina. 
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Retinitis  Punctata  Albescens.  Undcr  thc  abovc  title  Mooren 
described  a  condition  in  which  the  fundus  is  covercd  with  white  dotH  uiul 
the  optic  disc  atrophic.  In  consequence  of  Mooren's  brief  dencriptioni 
the  disease  was  confused  with  all  sorts  of  punctate  conditions  of  thc  fundus. 
Order  was  brought  out  of  this  confusion  by  Nettleship,  (i:iyct  sind  l<\ichs 
who  showed  that  in  addition  to  white  spots  in  the  fundus,  a  strouKly  niarkcd 
group  of  clinical  Symptoms  usually  existed.  As  now  undcrstooii,  rctinitiü 
punctata  albescens  is  a  progressive  atrophy  of  thc  retina  prcsciitiitK  all 
the  Symptoms  of  retinitis  pigmentosa,  except  that  thc  fundus  is  covcrcil 
with  white  dots  instead  of  pigment.     In  Fuchs*  cuse,  thc  sniallcst  dots 
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were  »carcely  distinguishable,  while  thc  largest  did  not  cxceed  thc  diametcr 
of  a  medium-sizcd  retinal  vessel,  They  were  white,  sharply  outlined,  and 
not  bordered  by  pigment,  Some  were  gathered  into  groups  or  rows.  The 
macular  region  and  periphery  of  the  fundus  were  free  from  dots. 

Thc  disease  prevails  In  certain  familles,  and  parental  consanguinity 
frequently  exists.  Thc  first  subjective  Symptom  is  night  bllndness.  Con- 
centric  progressive  contraction  of  the  visual  fields  commences  early.  As 
the  disease  advances  optic  atrophy  and  narrowing  of  the  retinal  vessels 
become  apparent.  The  disease  progresses  very  slowly  and  some  cases  ap- 
pear  to  remain  stationary.    The  prognosis  is  much  better  than  in  developed 
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The  Visual  fields  are  concentncaiiy  coniracced  (Fig.  128).  In  daylight, 
central  vision  is  20/30.  Ophthalmoscopic  P'tcture.  Except  at  the  macula, 
thc  fundus  is  covcred  by  groups  of  small  white  dots,  varying  in  size  from 
barely  visible  points  to  the  diameter  of  a  primary  retinal  vessel.  The 
dots  are  not  bordered  by  pigment  but  a  few  independent  groups  of  fine 
pigment  Specks  are  scattered  over  the  fundus.  The  optic  disc  is  atrophic. 
The  retinal  vessels  are  uniformly  narrowed.  TTie  arteries  are  rather 
tortuous,  but  this  is  regarded  as  congenital  and  dependent  upon  an  exist« 
ing  hypermetropia. 

Although  this  retina  is  not  entircly  free  from  pigment  the  pre- 
ponderance  of  the  white  dots  entitles  thc  case  to  be  dassed  as  retimtls 
punctata  albescens  rather  than  rctinitis  pigmentosa.  This  case  is  cspecially 
valuable  as  showing  the  identity  of  these  two  conditions. 

DlAGNOsis.  Retinitis  punctata  albescens  requires  to  be  diSerentiated 
from  the  following  punctate  conditions.  Senile  colloids  and  Gunn's  dots 
are  limited  to  the  posterior  pole  or  macular  region.     The  lesions  of  cho- 


*This  patient  was  seen  Ihrougb  the  courtesy  of  Dr.  H.  H.  Tyson. 
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roiditis  are  never  so  small  as  those  of  punctata  albescens.  Central  punctate 
diabetic  retinitis  is  distinguished  by  the  size  of  the  spots  and  presence  of 
hemorrhage.  From  all  the  above  conditions  punctata  albescens  is  dif- 
ferentiated  by  hemeralopia,  contracted  fields  and  ophthalmoscopic  appear- 
ance  of  retinal  atrophy. 
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Maculocerebral  Degeneration  (Familial).*  A  few  peculiar 
cases  have  been  reported  which  present  a  symptom-complex  sufficiently 
uniform  and  distinct  to  require  independent  Classification.  The  one  con- 
stant,  characteristic  manifestation  is  a  degenerative  process  in  the  retinal 
macula  frequently  associated  with  a  similar  process  in  the  brain.  For 
descriptivc  purposes,  the  affection  will  bc  divided  into  (1),  the  maculo- 
cerebral type,  in  which  both  retina  and  brain  are  attacked,  and  (2),  the 
macular  type,  in  which  the  pathoIogic  changes  are  limited  to  the  retina. 

In  the  maculocerebral  type  the  patient  appears  perfectly  normal  until 
the  second  dentition,  that  is,  six  or  seven  years  of  age,  at  which  time 
simultaneous  failure  of  vision  and  intellect  ensues.  Invariably,  both 
eyes  are  äff ected.  In  developed  cases  the  ophthalmoscopic  picture  consists 
of  atrophy  and  pigmentation  of  the  retina  in  the  macular  region,  bleachin^ 
of  the  optic  nerve,  and  narrowing  of  the  retinal  vessels.  Small  light 
spots,  which  do  not  present  the  appearance  of  exudates,  may  exist  in 
the  surrounding  retina.  Neither  retinal  hemorrhage  nor  edema  has  been 
described.  The  earliest  ophthalmoscopic  change  is  slight  pigment  dis- 
turbance  in  the  retinal  epithelium,  which  might  be  regarded  as  within 
normal  limits.  Even  this  change  may  bc  precedcd  by  failure  of  visual 
acuity.t  The  functional  eye  disturbance  consists  of  central  scotoma  for 
green  and  red,  failure  of  central  vision  and,  sometimes,  day  blindness.  As 
the  disease  advances  the  scotoma  for  colors  increases  in  size,  but  does 
not  extend  to  the  periphery.  In  the  late  stages  the  scotoma  becomes  ab- 
solute, and  central  perccption  of  light  is  lost.  Apparently  the  degenerative 
process  does  not  extend  to  the  anterior  zone  of  the  retina,  and  the  per- 
ipheral  field  retains  its  normal  boundary,  vision  and  color  sense.  As 
central  vision  disappears,  the  patient  develops  eccentric  fixation,  attended 

♦Oatman,  American   Journal  of  The  Medical  Sciences,  Aug.  1911;    Arch.  of  Oph., 
XXXVI,  1907,  p.  554. 
tSturgardt. 
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by  nystagmus  and  lateral  deviatlon  of  cycs  and  hcad.  Both  nystxgmus  and4 
lateral  deviation  may  diminish  or  disappear  should  the  subject  becoraej 
completely  Imbccilc  and  no  longcr  endcavor  to  use  thc  eycs.  The  failure  of  i 
intellect  varies  from  irritability  to  imbccility.  In  some  cases  epilcpttform  1 
convulsions  ensue.  From  the  few  cases  reported,  it  would  appear  that  thc  -I 
retinal  atrophy  commences  in  the  macuta  and  progrcsses  rapidly  for  two  • 
or  three  years,  aftcr  which  it  cxtends  very  slowly.  In  the  brain  the  diseasc  ! 
pursues  a  simiUr  course,  and  after  the  intellect  has  sunic  to  the  grade  of  j 
medium  imbecility  its  progress  is  retarded.  No  case  has  becomc  com-  ( 
pletely  blind,  but  some  havc  become  abject  imbccües.     In  some  cases  thc  i 
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The    following  two   casca   wcre   typical    examples   of   the    maculo- 
cerebral  type.    Thc  chlUlship  consists  of  three  children,  of  whom  the  eldcst 
and  youngest  are  affected,  while  the  intermediate  child,  a  girl  aged  ten 
ycars,  is  intelligent  and  normal  In  all  respects.    The  parent»  are  not  related 
by  blood,   but  there  is   an   indefinite   history  of  intermarriages   among 
ancestors. 

Stereogram  55.  Maculocerebrai,  Degeneration.  Advanced 
Stack.  Girl  aged  twelve  years.  She  ts  the  eldest  of  the  three  children 
mentioned  above.  She  possessed  good  Vision  and  was  an  excellcnt  scholar 
until  the  age  of  seven  years,  when  vision  and  intellect  began  to  fail.  At 
the  age  of  nine  years  she  developed  epileptiform  seizures  which  have  con- 
tinued  at  irregulär  intervals. 

PRESENT  CoNDiTlON.     Large,  robust  girl.     Repeated  Wassermann 
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•  Childship :    All  the  children  of  the  same  father  and  mother. 

tFamilial  disease:     One  that  occurs  among  nienib«rs  o(  a  childship  but  has  sbown 
little  or  no  lendency  to  afTecl  ancestors  or  desccndenta. 
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tests  for  Syphilis  and  von  Pirquet's  test  for  tuberculosis  were  negative;  no 
malf ormations ;  is  a  medium  imbecile  but  talks  well,  and  has  a  good  memory 
for  remote  events;  Habits  deanly;  myopic  (-2.  D.);  pupils  sluggish  but 
otherwise  normal;  has  eccentric  ftxation,  with  head  and  eyes  turned  to 
right;  lateral  nystagmus;  has  neither  night  nor  day  blindness.  There  is 
absolute  central  scotoma  in  both  eyes,  roughly  estimated  as  40^  in  the 
right  and  10°  in  the  left  (Fig.  129).  Peripheral  fields  are  not  contracted, 
and  possess  good  perception  of  white  and  colors. 

Ophthalmoscopic  Pictüre.  Media  dear.  Strongly  marked 
tigered  brünette  fundus.  Optic  nerve  decidedly  atrophic.  Retinal  vessels 
narrowed  but  not  otherwise  changed.  The  smaller  vascular  twigs  have 
mostly  disappeared.  The  maculac  region  exhibits  a  pigmentary  atrophy 
of  the  retina  limited  to  an  area  with  a  diameter  about  two  and  a  half  times 
that  of  the  optic  disc.  In  this  region  the  fundus  is  mottled,  has  a  dirty, 
yellowish-grey  color  and  is  peppered  with  granulär  and  dust-like  pigment. 
A  number  of  ill-defined,  light  radiating  lines,  extend  outward  from  the 
temporal  side  of  the  nerve.  They  appear  to  be  light  reflexes.  Both  eyes 
are  affected  synmietrically.  In  the  right  eye  the  retina  is  more  atrophic, 
the  fundus  lighter  in  color  and  the  pigment  deposits  are  being  dissipated. 

Four  years  later :  The  patient  has  almost  reached  the  stage  of  com- 
plete  imbecility.  Memory  poor.  Saliva  collects  in  pharynx  and  interferes 
with  speech.  Peripheral  fields  not  contracted.  Can  distinguish  red  in  large 
mass.  Central  blind  area  does  not  appear  to  exceed  40°.  The  retinal  pig- 
ment as  f ar  as  the  equator  is  greatly  thinned  and  the  whole  fundus  is  much 
paler  than  four  years  ago.  The  central  area  is  veiled  as  though  the  retina 
were  converted  into  a  fibrinous  membrane.  In  the  macular  region  the 
pigment  has  entirely  disappeared  and  several  orange  colored  choroidal 
vessels  are  exposed. 

One  year  later  this  patient  died  with  Symptoms  indicating  that  the  de- 
generative process  had  extended  to  some  vital  cerebral  ccnter.* 

Stereogram  56.  Maculocerebral  Degeneration;  Early 
Stage.  Right  eyeground  of  boy,  aged  eight  years.  Brother  of  case 
(Stergm.  55)  described  above.  Wassermann  reaction  for  syphilis  and 
von  Pirquet  for  tuberculosis,  negative.  Was  considered  a  normal  child 
until  six  years  of  age,  when  f  ailure  was  noticed  in  vision  and  intellect.  He 
is  in  excellent  health ;  no  paralysis ;  no  malf  ormations.    Vision  in  right  eye 


*Unfortuiiately,  I  was  tmable  to  secure  an  autopsy. 
13 
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18  10/200;  in  left  8/200.  Small  central  scotoma  for  green  and  red;  per- 
ipheral  fields  normal  for  white  and  colors ;  central  fixation ;  talks  well  and 
memory  good. 

Ophthalmoscopic  Pictüre.  Media  clear.  The  macula  is  encir- 
ded  by  a  transversely  oblong  ring  of  granulär  pigment,  measuring  about 
one  disc  diameter  in  length.  The  endosed  area  has  a  dirty,  yellowish  cast 
and  contains  dark  spots  which  can  be  resolved  into  fine  black  granules. 
The  surrounding  retina  is  covered  with  dust-like  pigment.  The  optic 
nerve  is  white  on  the  temporal  side.    Retinal  vessels,  narrowed. 

The  left  eye  presents  the  same  picture  as  the  right,  except  that  the 
macula  within  the  pigment  ring  is  more  atrophic  and  the  fundus  as  a 
whole,  somewhat  lighter  in  color. 

Four  years  later.  The  disease  has  steadily  advanced.  No  paralysis. 
Central  scotoma  is  now  absolute.  Peripheral  fields  appear  normal.  Mem- 
ory poor.  Is  apathetic  and  makes  little  effort  to  see.  Eccentric  fixation 
with  eyes  upward.  Retina  is  becoming  depigmented.  Has  had  five  epi- 
leptiform  convulsions,  the  first  of  which  occurred  three  years  ago. 

The  intermediate  child  is  now  fourteen  years  of  age.  She  is  a  nor- 
mal, healthy  girl,  with  perfect  visual  acuity. 

Cases  of  maculocerebral  type  were  reported  first  by  F.  E.  Battin  of 
Ix)ndon,  in  1903  as  ''  Cerebral  Degeneration,  with  Symmetrical  Changes 
in  the  Macula  in  Two  Members  of  a  Family."  Their  vision  and  mental 
condition  gradually  deteriorated,  and  they  were  removed  to  an  asylum 
where  eventually  they  died.     They  did  not  become  entirely  blind. 

M.  S.  Mayou  in  1904  reported  three  similar  cases  in  a  childship  of 
seven  children.  Parents  were  first  cousins.  In  her  first  pregnancy  the 
mother  miscarried  at  three  months.  The  second,  third  and  fourth  children 
were  born  healthy  but  developed  maculocerebral  degeneration,  while  the 
fifth,  sixth  and  seventh  were  both  healthy  and  intelligent. 

Six  years  later  Mr.  Mayou  courteously  writes  as  foUows:  **  My  cases 
are  still  alive  and  the  eye  condition  remains  stationary.  The  eldest  child 
has  become  a  complete  imbecile,  and  the  other  two  children  are  in  schools 
for  the  mentally  defective.  The  mental  condition  appears  to  have  a  slowly 
progressive  tendency,  but  the  children  are  not  blind." 

Other  cases,  supposed  to  be  maculocerebral  degeneration  have  been 
recorded  by  Ncttleship,  and  Hirschberg. 

Maculae  Degeneration.  As  stated,  the  macular  type  presents 
the  history  and  every  clinical  feature  of  the  disease,  except  failure  of  in- 
tellect.  The  period  of  development,  however,  is  delayed  until  the  age  of 
pubcrty.  :^ 


•V 
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Two  examples  dcscribcd  by  R.  D.  Battin,  in  1897,  appear  to  be  thc 
first  of  eithcr  type  rcported. 

Under  thc  title  of  '*  Family  Progressive  Degeneration  in  the  Macular 
Region  of  the  Eye,'*  K.  Stargardt  has  published  the  history  of  two  child-. 
ships  which  arc  typical  examples  of  the  macular  type.  The  first  childship 
consisted  of  four  children,  all  of  whom  were  affected.  There  was  no 
family  history  of  eye  disease,  consanguinity  of  parents  or  syphilis.  Asidc 
from  the  eye  affection,  the  patients  were  healthy,  free  from  malformations 
and  of  average  intelligence. 

Stargardt*s  second  childship  consisted  of  five  children,  three  of  whom 
developed  macular  degeneration.  Except  the  macular  disease,  every  mem- 
ber  of  the  childship  was  intelligent,  healthy  and  free  from  malformations. 

Stargardt  cites  a  further  case  from  Leber's  records  which  appears  to 
be  an  example  of  the  macular  type. 

Pathologic  Anatomy.  In  the  absence  of  a  microscopic  examination 
the  histologic  changes  can  be  surmised  only  from  the  ophthalmoscopic  pic- 
ture.  This  indicates  an  atrophic  degeneration  of  the  retina,  commencing  in 
the  outer  layers.  The  earliest  visible  change  is  loss  of  foveal  reflex  and 
rarefaction  of  pigment.  The  loosened  pigment  is  next  distributed  through- 
out  the  retina  as  a  fine  dust  or  specks  which  exhibit  little  tendency  to  wander 
inward  over  the  retinal  vessels.  The  pigment  does  not  proliferate,  neither 
is  it  fixed,  inasmuch  as  it  eventually  disappears.  Ultimately,  the  retina  is 
converted  into  a  thin  cicatricial  membrane,  constituting  the  delicate  film 
which  Covers  the  macular  region  in  advanced  cases.  When  depigmentation 
is  complete,  the  choroidal  vessels  are  exposed.  In  my  case,  in  which  the 
choroid  was  thus  revealed,  the  interspaces  contained  no  pigment,  although 
normally  this  was  a  strongly  *'  tessellated  "  fundus.  Depigmentation  of 
the  fundus  oculi  may  be  due  either  to  local  action  of  some  adventitious 
substance,  or  the  pigment  granules  may  be  removed  by  leucocytes.*  The 
absence  of  all  evidence  of  inflammatory  action  suggests  that  the  retinal 
atrophy  results  from  nutritive  disturbance.  Inasmuch  as  the  retinal  layer 
first  aflFected  is  nourished  entirely  by  the  choroid,  it  might  be  inferred  that 
the  primary  lesion  is  in  the  choriocapillaris.  Furthermorc,  limitation  of 
the  Pathologie  changes  to  the  posterior  pole  of  the  eye  corresponds  to  the 
distribution  of  a  choroidal  vascular  circuit.  Extreme  interest  attaches  to 
thc  work  of  Stock  {vide  infra) .  In  three  cases  of  primary  retinal  degenera- 
tion he  appears  to  have  demonstrated  by  microscopic  examinations  that 

♦I  have  Seen  complete  depigmentation  of  the  eycground  in  a  diabetic  (Arch.  of  Oph., 
1910,  XXXIX.  p.  392.)     (Stcrgm.  26.) 
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caused  by  sclcctive  action  of  sotne  toxin  in  tlie  blood.*  No  case  reported 
indlcates  that  the  deep  laycrs  of  the  choroid  wcre  aftectcd.  The  light 
Spots  describcd  in  many  cascs  should  be  rcgarded  as  degenerative  rather 
than  cxudativc.  They  may  havc  becn  due  cither  to  cxposurc  and  thicken'mg 
of  the  lamina  vitrea  or  to  condensation  and  thiclcening  of  the  retinal  neu- 
roglia.  In  Stargardt's,  and  also  in  my  cases,  the  spots  were  not  prominent 
and  could  be  scen  with  the  ophthalmoscope  only  by  the  direct  method. 
Their  tcndency  to  fade  as  the  light  was  movcd  indicatcd  refiexes  rather 
than  actual  deposits.     Probably  the  optic  atrophy  is  secondary  to  retinal 


degcneration,  although,  as  regards 
my  second  case  the  nerve  was  wl 
disease.  In  the  macular  type,  h 
described. 

EtiolOgy.     The  reco 
affection.    In  one  childship  cu 
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ight  upon  the  cause  of  the 
ivas  surmised,  but  not  proved. 
il  predisposition,  as  in  amau- 
of  the  cases  occurred  among 
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thc  aftectcd  familles.  Blood 
causative;  thus,  it  existed  in 
maculocerebral  type,  an3  in 
macular  type.  The  fundus 
changes  are  not  unlike  those  which  occur  m  tue  aged,  as  though  the  retina 
were  affected  with  a  local.  premature  scnility.  Nettleship  suggested  that 
a  cause  for  retinal  degcneration  in  children  might  be  found  In  nutritive 
dlsturbancc  due  to  the  cxanthemata  or  other  exhausting  conditlons.  In  the 
pigmentary  atrophles  of  the  retina,  Stock  argues  that  an  autocytotoxin 
exists  in  the  blood,  which  cxcrts  a  selective  action  upon  the  rods  and  cones. 
Stargardt,  applying  this  theory  to  his  cases,  suggests  a  toxin  with  a  selective 
action  for  cones  only.  Dr.  Max  Schlapp,  who  observed  my  cases  also 
rcgarded  the  pathoIoglc  changes  as  due  to  the  action  of  an  autotoxin  upon 
the  nervous  elements  of  the  braln  and  retina.  It  Is  important  to  note  that 
the  maculocerebral  type  appears  with  second  dentitlon,  while  the  macular 
type  is  delaycd  untÜ  the  period  of  pubcrty.  It  is  improbable  that  this  Is 
mere  coincldence.  More  llkely  the  developmental  forces  active  during 
dentitlon  and  sexual  evolution  are  here  perverted  to  stimulate  a  latent 
degenerative  tendency, 
'Possibly  Syphilis. 
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Differentiation.  Scvcral  affections  cxist  which,  whilc  differing 
from  cach  othcr,  all  bcar  somc  resemblance  to  maculocerebral  degencr- 
ation.  These  are,  hereditary  macular  anomaly,  retinitis  pigmentosa,  amau- 
rottc  family  idiocy,  central  Chorioretinitis,  and  certain  unclassified  cases. 

Hereditary  Macular  Anomaly.  This  condition  has  been  well 
presented  by  F.  Best,  who  described  the  remarkable  Ophthalmologie  history 
of  t  family  of  whom  8  members  presented  a  defect  at  the  macula.  In 
all  other  respects,  however,  the  cases  differed  essentially  from  maculocere- 
bral degeneration.  The  family  was  traced  through  five  generations,  and 
59  individuals  were  examined,  of  whom  31  presented  some  aSection  of 
the  eyes."^  The  8  affected  with  macular  anomalies  were  distributed  among 
5  childships.  The  defect  occurred  by  direct,  indirect  and  collateral  in- 
heritance.t  In  6  of  the  cases  both  eyes  were  affected,  and  in  2  the  change 
was  rudimcntary  and  limited  to  onc  eye.  In  cvery  casc  the  defect  was  sit- 
uated  immediately  below  the  point  of  fixation,  a  uniformity  which  Best 
regarded  as  a  remarkable  example  of  persistence  in  hereditary  transmission. 
Among  the  cases  with  macular  defect  the  foUowing  additional  abnormal- 
ities  were  found:  high  hypermetropia,  astigmatism,  Strabismus,  persistent 
pupiUary  membrane,  and  one  case  of  total  color  blindness.  None  of 
the  cases  had  epilepsy,  imbecility,  or  optic  atrophy.  Aside  from  the  one 
case  of  total  color  blindness,  the  color  sense  was  normal  in  all.  Visual 
acuity  was  bluntcd,  but  none  of  the  subjects  was  incapacitated.  The  poor 
Vision  had  existed  since  early  childhood,  and  was  non-progressive.  During 
the  eight  years  thcy  were  under  Observation  no  changes  occurred  in 
the  eyes.  From  these  facts  Best  justly  decided  that  the  condition  was  an 
hereditary  macular  anomaly. 

Maculocerebral  degeneration  differs  from  such  congenital  defects  in 
its  family  history,  late  development,  progressive  course,  cerebral  compli- 
cations,  central  color  scotoma,  optic  atrophy  and  invariable  bilateral 
occurrence. 

Retinitis  Pigmentosa.  At  first  glance,  maculocerebral  degenera- 
tion appears  like  an  atypical  retinitis  pigmentosa.  Both  affections  develop 
in  early  life,  are  slowly  progressive,  and  present  a  synmietrical  picture  of 

*Macular  defects,  8 ;  opaque  nerve  fibres,  1 ;  one-sided  ainbl]ropia,  5 ;  double  amblyopia 
with  nystagmus,  2;  Strabismus  convergence,  3;  pigment  points  m  eyeground,  6;  senile 
cataracts,  6;  punctiform  opacities  at  posterior  pole,  6;  ptosis  and  telangiectasis  of  lid,  1; 
güoma,  1;  hypermetropia,  7;  hyperopic  astygmatism.  8;  anisometropia,  7.  None  of  the 
cases  were  myopic. 

t  Direct  inheritance:  From  parent  to  child.  Indirect  inheritance:  From  grand- 
parents,  uncles,  or  aunts.  Collateral  inheritance:  Occurrence  of  the  same  anomaly  among 
brothers  and  sisters;   thus,  familial  disease  occurs  by  collateral  inheritance. 
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atrophy  in  cach  retina.  Furthermorc,  it  is  estimated  that  10  to  13  per 
Cent  of  retinitis  pigmentosa  cases  are  idiots.  These  analogies,  however, 
are  more  than  counterbalanced  by  the  following  features  in  which  the  two 
diseases  differ.  The  most  constant  Symptom  in  retinitis  pigmentosa  is 
night  blindness.  Supposititious  cases,  in  which  day  blindness  existed,  are  too 
few  in  number  to  vitiate  the  rule.  The  presence  of  night  blindness  more 
than  anything  eise  has  caused  retinitis  punctata  albescens,  retinitis  pigmen* 
tosa  sine  pigmento,  and  gyrate  atrophy  to  be  dassed  as  aberrant  forms  of 
retinitis  pigmentosa.  Opposed  to  this  are  20  cases  of  maculocerebral  degen- 
eration,  none  of  which  had  hemeralopia,  while  3  saw  better  in  a  dim  light. 
Retinitis  pigmentosa  is  eminently  hereditary  and  the  persistence  with 
which  it  reappears  in  families  renders  it  easy  to  trace  its  history.  In  mac- 
ulocerebral degeneration,  however,  the  family  trees  are  remarkably  exempt 
from  eye  diseases.  True  retinitis  pigmentosa  invariably  commences  near 
the  periphery  and  all  parts  of  the  retina  are  invaded,  the  macula  last  of 
all."^  Macular  degeneration,  on  the  contrary,  commences  in  the  macula,  and 
does  not  appear  to  extend  into  the  periphery.  In  retinitis  pigmentosa  the 
color  sense  f  ails  only  with  light  perception,  but  in  maculocerebral  degenera- 
tion one  of  the  earliest  manifestations  is  central  scotoma  for  green  and  red. 
The  idiocy  associated  with  retinitis  pigmentosa  always  is  congenital,  while 
the  subjects  of  maculocerebral  degeneration  are  born  with  normal  intellects, 
which  subsequently  may  be  destroyed  by  the  disease.  Malformations  of 
all  kinds,  so  common  in  retintis  pigmentosa,  are  lacking  in  maculocerebral 
degeneration.t  Finally,  retinitis  pigmentosa  is  transmitted  for  genera- 
tions,  while  maculocerebral  degeneration  is  a  familial  disease. 

Amaurotic  Family  Idiocy.  Hirschberg  remarked  that  his  case 
presented  some  Symptoms  not  unlike  amaurotic  idiocy,  but  differed  in  other 
and  essential  points.  Nettleship,  however,  is  disposed  to  trace  a  relation- 
ship  between  the  two  diseases.  He  suggests  that  amaurotic  family  idiocy 
may  sometimes  pursue  a  mild  course  and  permit  the  child  to  grow  up,  and 
cited  the  cases  of  J.  D.  Battin  and  Mayou  as  possible  examples.  He 
avoided  the  racial  difficulty  on  the  supposition  that  Jewish  blood  flows  in 
many  gentiles.  Apparently  the  two  diseases  are  entirely  distinct.  Amau- 
rotic idiocy  appears  to  occur  exclusively  among  Hebrews.  Cases  reported 
among  other  races  have  not  been  accepted  as  genuine.  The  lesion  is  a  pri- 
mary  degeneration  of  the  ganglion  cells  throughout  the  nervous  System  in- 

*Cases  of  Knapp,  Dujardin,  Scimmi  and  Sichel,  reported  as  retinitis  pigmentosa  com- 
mencing  at  the  macula,  are  lacking  in  other  essential  features  of  that  disease  and  cannot 
be  accepted  as  genuine. 

tHirschberg's  cases  presented  Stigmata,  not  deformities. 
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duding  those  of  the  retina.  The  disease  develops  a  few  months  after 
birth  and  eventuates  in  general  muscular  paresis,  idiocy,  and  blindness, 
the  patient  usually  dying  within  two  or  three  years.  In  contradistinction 
to  this  history,  maculocerebral  degeneration  develops  in  late  childhood, 
andf  so  far,  only  among  gentiles.  In  no  case  has  muscular  weak- 
ness,  paralysis,  or  ill  health  been  attributed  to  the  disease ;  neither  has  any 
case  become  entirely  blind.  Anatomically,  the  diseases  differ  essentially. 
Macular  degeneration  begins  in  the  outer  layers  of  the  retina,  and  is  limited 
to  the  central  region.  Amaurotic  idiocy,  on  the  contrary,  begins  in  the 
inner  layers  and  extends  over  the  entire  retina.  By  no  means,  is  it  espe- 
cially  a  macular  disease;  all  regions  of  the  retina  are  equally  affected,  but 
the  opacity  is  most  conspicuous  about  the  fovea  simply  because  here  the 
dead  ganglion  cells  are  eight  or  nine  layers  in  thickness  as  compared  with 
a  Single  layer  elsewhere.  The  strong  ophthalmoscopic  picture  thus  pro- 
duced  appears  to  have  engendered  an  erroneous  idea  that  amaurotic  family 
idiocy  is  a  macular  disease.  Treacher  CoUins,  who  saw  F.  D.  Battin's  cases, 
Said  the  dark  spot  at  the  macula  was  composed  of  definite  pigment  granules, 
and  was  not  due  to  contrast  as  in  amaurotic  idiocy. 

Central  Chorioretinitis.  The  usual  form  of  central  choroiditis 
bears  little  resemblance  to  maculocerebral  degeneration.  Choroiditis  fre- 
quently  depends  upon  evident  Syphilis  or  tuberculosis.  It  presents  inflam- 
matory  phenomena,  and  the  early  lesions  appear  as  deeply  situated  foci  of 
exudation.  These  are  followed  by  formation  of  white  cicatrices  and  mass- 
ing of  pigment.  The  history  and  course  of  maculocerebral  degeneration 
have  no  counterpart  in  exudative  choroiditis. 

Unclassified  Cases.  Ophthalmie  literature  contains  many  undassi- 
fied  cases,  which  may  or  may  not  belong  to  the  same  group  as  maculo- 
cerebral degeneration.  The  most  important  are  the  following  by  Stock. 
Although  regarded  by  the  author  as  an  independent  disease,  it  is  strongly 
suspected  that  they  were  cases  of  congenital  Syphilis. 

Four  children  in  a  childship  were  affected.  No  parental  consan- 
guinity.  After  the  birth  of  the  first  child,  which  was  healthy,  and  escaped 
the  disease,  the  father  acquired  Syphilis  (statement  uncertain),  and  now  is 
in  America.  The  four  patients  were  normal  until  they  were  six  years  of 
age,  when  vision  and  intellect  began  to  fail.  They  exhibited  posterior  iritic 
adhesions  and  multiple  glandulär  enlargements.  The  iritic  adhesions  dis- 
appeared  after  mercurial  inunctions.  No  paralysis.  One  case  was  epi- 
leptic.  They  rapidly  became  absolute  imbeciles,  and  completely  blind. 
At  first  the  fundus  presented  no  visible  change,  but  later  pigmentation  of  the 
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Amaitrotic  Familv  Idjocy  (Tay's  Disease).  Waircn  Tay,  in  1881, 
wai  rhc  first  to  dcscribe  a  pecullar  disease  of  the  cerebrospinal  System,  oc- 
currinK  cxclusivcly  in  childrcn  and  attended  by  idiocy  and  blindness.  AU 
indubitable  cascs  so  far  rcported  have  occurred  among  Hebrews.     The 

'Uiually.  it  ia  uncertain  that  microscopic  changes  found  in  the  rods  and  cones  are 
due  to  dJKeaK.  roat-mortem  degeneration  and  preparing  the  eyt  for  examinatton  cause 
'■  '  ■'  )  disintegrate. 
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disease  tends  to  attack  several  members  of  a  childship  at  about  the  same 
period  of  life.  The  child  remains  healthy  until  from  four  to  six  months 
of  age  when  it  becomes  apathetic  and  sleeps  most  of  the  time.  Gradually, 
paresis  or  paralysis  of  the  general  muscular  System  develops  and  the  pa- 
tient  is  unable  to  sit  up  or  to  support  the  head.  Certain  muscles  may  be 
spastic  instead  of  flaccid.  Abnormal  sensitiveness  to  toudi  and  sound 
(hyperacusis)  often  appears  and  when  present  increases  the  difficulty  of 
an  ophthalmoscopic  examlnation.  Occasionally,  convulsions  occur  but  are 
not  considered  a  Symptom  of  the  disease.  Two  cases  have  been  reported 
in  which  hearing  was  lost  (Sachs).  Coincident  with  the  general  nervous 
affection,  eye  Symptoms  develop  which  are  peculiar  to  amaurotic  family 
idiocy.  Both  eyes  are  symmetrically  aifected.  Failure  of  vision  is  soon 
followed  by  blindness.  The  pupils  are  dilated  and  sluggish  and,  in  the 
last  stage  of  the  disease,  irresponsive  to  light.  Rolling  the  eyes,  or  nys- 
tagmus  is  conunon.  The  ophthalmoscopic  picture  is  characteristic  of  the 
aSection.  The  macula  is  occupied  by  a  broad,  whitish  disc  in  the  center 
of  which  the  fovea  appears  as  a  reddish  spot,  producing  the  same  appear- 
ance  as  seen  in  dosure  of  the  central  artery.  The  optic  disc  becomes  pale 
and  ultimately  white.  It  is  not  surrounded  by  retinal  opacity.  In  all  cases 
which  I  have  examined  the  retinal  vessels  appeared  normal.  All  bodily 
functions  are  torpid,  especially  manifested  by  pulmonary  and  gastro- 
intestinal  disturbances.  With  advance  of  cerebral  degeneration  the  child 
passes  into  absolute  imbecility.  The  processes  of  metabolism  are  seriously 
impaired  and  a  condition  of  extreme  marasmus  develops  which  nearly 
always  terminates  in  death  witFTin  two  years.  Sachs  has  met  but  one 
example  of  the  disease  which  extended  beyond  two  years.  In  this  case 
other  members  of  the  childship  were  aifected.  When  seen  by  Sachs  the 
child  had  attained  the  age  of  5^^  years  and  death  did  not  appear  to  be 
imminent. 

Etiology.  The  etiology  of  amaurotic  family  idiocy  is  unknown. 
The  most  remarkable  feature  of  the  disease,  as  pointed  out  by  Carter, 
is  racial  influence.  In  New  York,  which  has  a  Hebrew  population  of  a 
million,  I  see  from  one  to  three  cases  of  the  disease  yearly,  but  have  never 
met  a  suspicious  instance  among  gentiles.  This  radal  peculjarity  appears 
to  exdude  cither  toxic,  bacterial  or  accidental  origin  for  the  disease.  None 
of  the  authentic  cases  has  been  attributed  to  Syphilis.  Consanguinity  of 
parents  is  noted  in  some  cases  and  undoubtedly  exists  in  others  in  which  it 
is  denied.  It  is  uncertain  whether  the  disease  is  congenital  or  acquired, 
but  probably  the  former.     The  Suggestion  that  mother's  milk  may  be 
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causative  is  disproved  by  several  of  Sach's  cascs  who  werc  fed  by  stränge 
wet  nurses.  Sachs  considers  amaurotic  idiocy  as  some  congenital  defect 
which,  at  a  certain  age,  arrests  development.  This  is  a  modification  of 
Edinger's  Ersatztheorie,  according  to  which  tissue  endurance  is  too  feeble 
to  withstand  the  physiologic  activity  of  lifc.  A  family  taint  of  insanity  in 
both  parents  has  been  suggested  as  causative.  Injury  of  the  mothcr 
during  pregnancy  has  been  reported  in  several  instances  of  the  dtsease. 

Morbid  Anatomv.  The  first  anatomical  examination  was  made  by 
Sachs  in  1887.  There  was  no  evidence  of  inflammatory  action.  THc 
brain  was  unduly  firm  with  the  consistence  of  gutta-percha.  The  essential 
histologic  feature  of  the  discasc  was  found  in  the  cortex  and  consisted 
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the  opacity  being  caused  solely  by  the  dead  ganglion  cells  which  arc  eight 
or  tcn  layers  thick  in  this  region,  while  in  other  parts  of  the  retina  they 
consist  of  a  single  layer.  In  some  cases  a  fold  in  che  retina  involvtng  the 
tnacula  has  been  described  (Fig.  130),  but  this  U  a  post-mortem  artefact 
common  in  the  eyes  removed  many  hours  after  death.  lÜkewise,  the 
prcsence  of  a  hole  in  the  macula  was  supposed  to  explain  the  red  Spot, 
but  this  also  is  an  artefact  produced  by  rough  manipulation  or  laboratory 
processes. 

I  microscopically  examined  one  case  of  this  disease  in  which  the  eye 
was  removed  eight  hours  after  death.t  The  macula  was  thrown  into  a 
sharp  post-mortem  fold  (Fig.  130).  At  the  macula  the  external  granulär 
layer  was  normal;  the  external  reticular  layer  was  not  edematous;  interna] 
granulär  and  ganglion  cell  layer  were  very  thick.    Owing  to  the  time  that 


*The  ganglion  cells  of  ihe  retina  undergo  rapid  post-mortem  disintegration,  and  ex- 
atninations  must  be  made  alraost  immediateiy  after  death. 

tFrom  the  Service  of  Dr.  A.  E.  Davis,  New  York  Post  Graduale  Hospital. 
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elapsed  between  death  and  fixatlon  of  the  eye  by  preservatives,  it  cannot 
be  asserted  that  aU  the  finer  cell  changes  were  due  to  disease. 

The  optic  nerve  was  atrophic.  The  atrophy  and  thinning  of  the 
nerve  über  layer  being  especiaUy  marked  on  the  temporal  side  of  the  disc 
(Flg.   131). 

Stereogram  57.  Amaurotic  Family  Idiocy.*  Right  eyeground 
of  male  infant,  aged  10  months;  firstbom;  Russian  Hebrew;  parents 
are  second  cousins;  the  child  is  apathetic  and  appears  to  be  blind;  pupils  are 
dilated  and  very  sluggish;  a  paretic  condition  of  the  muscular  System  is 
shown  by  inability  of  the  child  to  sit  up  or  to  Support  the  head,  which 
droops.  Ophthalmoscopic  Picture.  The  fovea  appears  as  a  maroon  col- 
ored  spot,  surrounded  by  a  wide  zone  of  greyish-white  retina.  The  optic 
nerve  is  pallid,  especially  on  the  temporal  side.  The  retinal  vessels  appear 
normal  and  a  number  of  small  vessels  around  the  macula,  ordinarily  in- 
visible,  are  brought  into  view  by  contrast  with  the  white  retina. 

DiAGNOSis.  Amaurotic  f  amily  idiocy  is  diagnosticated  by  the  presence 
of  characteristic  fundus  changes  in  a  paralytic  infant,  and  by  the  history. 
It  is  Said  that  the  cerebrospinal  degeneration  may  precede  the  eye  Symptoms 
which,  however,  develop  later.  The  ophthalmoscopic  picture  diSers  from 
that  of  central  artery  dosure  in  that  the  vessels  are  not  narrowed,  or  the 
retina  opaque  around  the  nerve. 
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Chapter  X. 
MISCELLANEOUS  AFFECTIONS  OF  THE  RETINA. 

Cyanosis  Retinae,  Markcd  distension  and  tortuosity  of  the  retinal 
vessels  unattended  by  hemorrhage,  exudation  or  edema,  occurs  in 
diseases  which  produce  general  venous  stasis.  This  retinal  condition  is  most 
frcquently  seen  in  connection  with  the  general  cyanosis  incident  to  an 
open  foramen  ovale  in  which  there  is  admixture  of  venous  with  arterial 
blood  within  the  heart,  and  also  in  cases  of  pulmonary  Stenosis.  Congenital 
cyanosis  has  been  dassed  as  a  disease  under  the  name  of  Morbus  Ca^uleus, 
or  blue  disease,  and  the  subjects  of  the  aifection  are  known  as  blue  children. 
The  congestion  seen  in  the  retina  exists  in  other  organs ;  thus,  enlargement 
of  the  liver  and  ^>leen,  atelectasis,  pleural  effusion  and  edema  of  the  brain 
are  frequent.  The  disease  is  recognized  by  the  peculiar  livid  hue  of  the 
skin,  which  varies  from  a  dudcy  tinge  to  a  deep  piir{de  color.  Although 
the  entire  surface  of  the  body  is  affected,  the  discolorotion  is  most  marked 
on  the  lips,  cheeks  and  eyelids.  The  skin  is  dry  and  the  extremities  cold. 
Palpitation  and  dyspnea  are  always  present  and  are  greatly  increased 
by  excitement  or  exercise.  Somnolence  is  a  common  symptom.  Polycy- 
themia  develops  in  cases  of  pulmonic  obstruction.  Increase  in  the  number 
of  red  blood  corpuscles  is  proportionate  to  the  cyanosis,  the  average  number 
present  being  about  7,000,000  (Tyson).  A  corresponding  increase  occurs 
in  the  amount  of  hemoglobin.    The  leucocytes  are  not  increased  in  numbers. 

The  duration  of  life  varies.  One  half  of  all  cases  die  in  the  first 
year.  Other  cases  survive  until  adult  life.  Litten  mentions  a  case  which 
lived  to  the  age  of  25  years.  There  is,  of  course,  no  chance  of  recovery. 
The  most  dangerous  periods  of  life  for  cyanotic  cases  are  the  first  respira- 
tory act,  the  period  of  weaning,  first  dentition  and  during  any  intercurrent 
disease.  In  the  later  period  of  the  disease  the  retinal  vessels  may  become 
diseased  and  hemorrhages  occur.  Posey  reports  a  case  presenting  the  pic- 
ture  of  a  neuroretinitis. 

Congestion  of  the  retinal  vessels  producing  the  ophthalmoscopic  pic- 
ture  of  "  cyanosis  retinae  "  has  been  observed  in  emphysema  by  Stephen 
Mackenzie.    In  one  of  Hirschberg's  cases  of  general  and  retinal  cyanosis, 
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thcrc  werc  pulmonary  emphysema  and  hypcrtrophy  of  thc  heart  which  wcrc 
due  to  kyphoskoliosis.  The  condition  of  intcnse  retinal  hyperemia  has 
been  seen  during  the  height  of  an  epileptic  seizure  and  also  in  certain 
intoxications  (Stergm.  60). 

Stereogram  58.  Retina  in  Congenital  Cyanosis  (Cyanosis 
Retinae).  Right  cyeground  of  a  '*  blue  boy,"  cleven  years  of  agc.  Since 
birth  the  skin  has  been  qranotic.  The  blue  color  is  especiaUy  marked  on 
the  lips  and  eyelids.  Owing  to  dyspnea  he  has  never  been  able  to  play 
like  other  children.  A  physical  examination  indicated  patent  f oramen  ovale 
and  pulmonic  Stenosis.     Refraction  is  emmetropic.     Vision  20/20. 

Ophthalmoscopic  Examination.  The  entire  fundus  has  a  deep 
red  color.  The  optic  disc  appears  reddened  except  in  the  physiologic 
excavation.  Both  veins  and  arteries  are  very  tortuous  and  somewhat 
dilated.  The  arteries  are  not  sclerosed,  as  shown  where  they  cross  over 
a  vein  without  indenting  the  latter. 

Diagnosis.  The  diagnosis  of  qranosis  retinae  rests  upon  the  presence 
of  general  cyanosis.  The  appearance  of  the  fundus  is  not  very  character- 
istic  of  the  disease.  For  example,  were  this  eye  hyperopic  it  could  not  be 
ophthalmoscopically  diagnosticated  from  the  picture  sometimes  presented 
by  that  condition.  Arteriosclerosis  may  be  exduded  by  the  perfectly  nor- 
mal appearance  of  the  vessels.  Cyanosis  is  differentiated  from  inflam- 
matory  conditions  by  normal  vision  and  absence  of  honorrhage,  exudation 
and  retinal  edema. 
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Traumatic  Edema  of  the  Retina  (Commotio  Retinae).  Tempo- 
rary  blindness  varying  in  duration  from  a  few  moments  to  several  hours 
nearly  always  follows  violent  concussion  of  the  eye.  This  condition  of 
traumatic  amblyopia  may  appear  and  disappear  without  visible  alteration 
in  the  retina.  In  other  cases  deterioration  of  vision  persists  and  the 
retina  undergoes  characteristic  changes  consisting  of  an  opadty  which 
extends  more  or  less  completely  over  the  posterior  polar  zone.  In  well 
marked  cases  the  appearance  of  the  retina  resembles  somewhat  the  con- 
dition which  follows  dosure  of  the  central  artery.    The  opacity,  which  is 
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due  to  edema  of  the  retina,  is  most  conspicuous  where  the  membrane  is 
thickest,  namely,  around  the  fovea  centralis  and  optic  disc.  The  fovea 
itself,  however,  is  the  thinnest  portion  of  the  retina  and  may  permit  the 
choroid  to  shine  through  and  produce  a  "  cherry-red "  spot.  In  other 
cases  the  edematous  retina  may  overlie  the  fovea  so  that  it  is  nearly  or 
completely  obscured.  Sometimes  the  retina  at  the  fovea  is  torn  and  an 
actual  hole  exists.  This  accident  usually  occurs  in  myopic  eyes.  In  all  cases 
of  commotio  retinx  which  I  have  observed  the  retinal  opacity  at  the  macula 
was  more  sharply  outlined  than  in  closure  of  the  central  artery.  The  blood 
vessels  usually  are  dilated  and  the  perivascular  lymph  Channels  may  be 
distended.  The  visible  retinal  cbanges  vary  from  an  almost  imperceptible 
doudiness  at  the  macula  to  dense  opacity  and,  in  rare  cases,  hemorrhages. 

The  term  "  conunotio  retinae  "  formerly  was  applied  to  any  obscure 
case  of  Visual  impairment  foUowing  injury  to  the  head.  Further  investiga- 
tion  established  edema  of  the  retina,  especially  of  the  nerve  fiber  layer,  as 
the  cbief  anatomic  alteration,  although  the  mechanism  by  which  the  edema 
is  produced  is  not  fully  determined.  Berlin,  who  first  separated  these 
cases,  thought  the  retinal  edema  was  caused  by  suprachoroidal  hemorrhage, 
a  view  soon  abandoned.  The  majority  of  writers  now  agree  that  the 
first  result  that  follows  a  blow  to  the  eye  is  retinal  ischemia  due  to 
spasm  of  the  blood  vessels.  The  angiospasm  is  immediately  foUowed  by 
vascular  dilation  and  transudation  of  serum.  Denig,  as  the  result  of 
animal  experimentation,  states  that  a  violent  blow  drives  the  vitreous 
against  the  retina,  rupturing  the  internal  limiting  membrane  and  forcing  the 
vitreous  fluid  between  the  nerve  fibers  and  along  the  fibers  of  Müller. 
Traumatic  retinal  edema  may  occur  with  rupture  of  the  choroid 
or  other  effects  of  blunt  force.  The  most  commonly  associated  con- 
ditions  are  opacity  of  the  Cornea,  miosis,  mydriasis,  lacerations  of  the  iris, 
dislocation  or  opacity  of  the  lens  and  hemorrhage. 

In  the  following  case  the  macular  changes  found  on  microscopic  ex- 
amination  were  regarded  as  those  of  traumatic  edema  of  the  retina. 

A  man  reccived  a  nonperforating  blow  in  the  eye.  Twenty-four 
hours  later  the  eye  was  glaucomatous  with  widely  dilated  pupil.  The  lens 
was  dislocated  forwards.  Vision  reduced  to  movements  of  the  hand. 
Details  in  the  fundus  were  indistinguishable  although  the  reflex  from  the 
macular  region  was  much  lighter  in  color  than  from  other  regions.  Iri- 
dectomy  and  extraction  failed  to  relieve  the  condition  and  the  eye  was 
enudeated  fourteen  days  after  the  injury.  Microscopic  examination,  The 
iris  is  thrown  into  folds  and  lies  in  the  angle  of  filtration  where  it  is 
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closely  pressed  against  the  Cornea  (Fig.  132).  The  condition  of  the 
macula  is  shown  in  Fig.  20.  The  retina  is  edematous,  the  edema  being 
limited  to  the  nerve  fiber  and  internuclear  layers.  The  fovea  is  widened 
and  contains  a  serous  effusion. 

In  commotio  retinae  it  is  probable  that  minute  changes  occur  in  the 
nervous  tissue  not  demonstrable  with  the  microscope.  Central  vision  is 
always  impaired  and  the  visual  fields  are  somewkat  concentrically  con- 
tracted. 

In  cases  where  the  traumatism  results  only  in  edema  the  prognosis 
is  good  and  vision  is  fully  restored.  Within  a  week  or  two  the  retinal 
opacity  disappears,  at  which  time  white  spots  situated  in  the  deeper 
layers  of  the  retina  come  into  view.  In  a  short  time  these  also  are  re- 
moved  and  no  trace  of  the  effusion  remains.  Exceptionally,  slight  pig- 
mentation  results,  in  which  case  it  is  supposed  that  the  choroid  participates 
in  the  disturbance.  When  concussion  results  in  actual  rupture  of  the 
retina  and  a  hole  forms  at  the  macula,  the  prognosis  is  less  favorable. 
The  hole  does  not  always  result  directly  from  concussion,  but  may  develop 
later  from  excessive  edema.  Holden  reports  a  case  in  which  three  weeks 
after  a  blow  the  retina  was  intact,  but  two  months  later  a  typical  hole  de- 
veloped  at  the  macula. 

Stereogram  59.  Traumatic  Edema  of  the  Retina  (Commotio 
Retinae).  Right  fundus  oculi  of  a  barkeeper,  33  years  of  age.  Seven  dajrs 
ago  he  received  a  violent  fist-blow  on  the  right  temple,  immediately  fol- 
lowed  by  loss  of  vision  in  the  right  eye.  At  the  present  time,  with  this  eye 
he  can  count  fingers  at  iive  feet.  Retinal  edema  is  marked  around  the 
nerve  and  macula  and  slightly  developed  throughout  the  rest  of  the  pos- 
terior Zone.  The  macula  is  occupied  by  a  sharply  defined,  rounded, 
grey  disc  in  the  center  of  which  the  fovea  appears  as  a  dark  red  spot. 
Around  the  nerve  the  edema  is  greatest  on  the  nasal  side  where  it  nearly 
hides  the  outline  of  the  disc.  The  veins  are  füll  and  darlcened.  Arteries 
and  veins  on  and  near  the  disc  are  bordered  by  delicate  white  lines,  sup- 
posed to  represent  an  effusion  into  the  perivascular  sheaths.  The  nerve 
and  vessels  present  the  appearance  of  commencing  neuritis. 

Improvement  in  vision  immediately  ensued.  The  edema  rapidly 
disappeared,  the  macular  spot  grew  indistinct  and  within  a  week  the  fundus 
exhibited  little  evidence  of  injury. 

DiAGNOSis.  In  the  great  majority  of  cases  a  history  of  injury  at 
once  leads  to  the  correct  diagnosls.  Occasionally,  however,  the  true  history 
is  suppressed«    In  both  traumatic  edema  and  dosure  of  the  central  artery 


208 


THE    FUNDUS  OCULI. 


there  may  be  retinal  opacity  and  a  red  spot  at  the  macula.  In  artcrial 
closure  the  arteries  are  greatiy  narrowed  or  invisible  while  in  traumatic 
edema  the  vesscis  are  overfull.  In  traumatic  edema  the  macular  opacity 
is  apt  to  be  more  sharply  defined  than  in  closure.  Amaurotic  idiots  pre- 
sent  macular  opacity  and  a  red  fov-ea,  but  the  subjects  of  this  disease  always 
are  infants  affected  by  a  general  paresis. 
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Stereogram  60.    Retinitis  i? 
gestive  Edema  of  the  Retina).* 
from  acute,  mcthyl  alcoho'  "" 
lacing  the  inferior  of  beer 
of  wood  alcohol  in  which 
violcnt  vomiting  and  24  hi 
wcre  widely  dilated  and  unri 
he  could  count  Angers  wit 
turned  in  the  right.    Both  u^ui 
blindness  ensued. 

The  ophthalmoscopic  picture,  taken  in  the  early  stage,  indicates  an 
infiammatory  edema  of  the  retina.  Both  arteries  and  veins  are  dilated 
and  tortuous.  Extensive  eflusion  of  serum  into  the  retina  has  occurred 
along  the  larger  vessels.  There  is  no  optic  neuntis,  althougb  edema  from 
the  retina  has  extended  over  the  upper  and  lower  margins  of  the  disc. 
Werc  this  nerve  swollcn,  the  arteries  would  be  compressed  and  narrowed. 

DiAGNOSis.  The  ophthalmoscopic  picture  is  not  characteristic  and 
the  diagnosis  in  wood  alcohol  poisoning  is  made  chiefly  from  the  history. 
In  acute  wood  alcohol  amaurosis,  blindness  develops  rapidly  in  both  eyes, 
hours  or  days  after  a  debauch.  Pupils  dilated  and  fixed.  The  fundus  pic- 
ture varies,  there  may  be,  (1)  normal  nerve  and  retina;  (2)  congested 
nerve  and  retina;  (3)  retinal  ischemia.  Usually  there  is  temporary  im- 
provemcnt  followed  by  blindness  or  constricted  fields.  In  uremic  amaurosis 
the  pupils  usually  respond  freely  to  light  while  in  wood  alcohol  poisoning 
thcy  are  immobile.     If  uremic  coma  coexists  with  amaurosis,  casts  and 

*  From  the  servke  of  Or.  David  Webster.  Manhattan  Eye,  £ar  and  Throai  HospitaL 
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glbumin  may  temporarily  disappear  f  rom  the  urine.  Retinitis  may  or  may 
not  coexist.  Amaurosis  from  cerebral  or  spinal  disease  develops  gradually 
and  is  steadily  progressive. 

Acute  poisoning  by  wood  alcohol  is  not  rare.  Usually,  it  foUows  a 
debauch  upon  some  cheap  liquor  composed  largely  of  methyl  alcohol,  or 
from  prolonged  inhalation  of  its  fumes.  In  the  lesser  degrees  of  poisoning 
central  scotoma  may  be  demonstrated.  In  late  cases  concentric  contraction 
of  the  white  fields  may  exist.  Blindness  may  not  develop  for  several  days 
after  ingestion  of  the  poison.  Paralysis  of  the  face  or  limbs  and  loss  of 
intelligence  are  not  uncommon  in  wood  alcohol  poisoning.  Temporary 
improvement  of  vision  often  ensues,  foUowed  by  total  blindness.  Other 
cases  recover  with  more  or  less  contraction  of  the  fields  (Fig.  133a). 

Tyson'*'  has  called  attention  to  chronic  toxic  amblyopia  which  is  not 
uncommon  in  those  who  work  with  colors  or  varnishes  dissolved  in  wood 
alcohol. 

As  demonstrated  by  Holden,  the  blindness  produced  by  methyl  alco- 
hol is  due  to  destruction  of  the  ganglion  cells  in  the  retina.  In  addition 
to  its  action  on  nerve  tissues,  it  exerts  a  powerful  influence  on  the  retinal 
blood  vessels  manifested,  however,  by  widely  divergent  ophthalmoscopic 
pictures.  In  one  type  a  condition  of  retinal  anemia  with  narrowed  vessels 
exists,  in  another  the  vessels  are  dilated  and  the  retina  acutely  congested. 
Again,  there  may  be  absolute  blindness  without  visible  fundus  changes. 

Chronic  Alcoholism.  Amblyopia  due  solely  to  chronic  alcoholism 
is  extremely  rare.  It  differs  in  no  respect  from  tobacco  amblyopia,  ex- 
cept  that  other  Symptoms  of  alcoholism  may  coexist. 

Tobacco  Amblyopia.  The  intemperate  use  of  tobacco  and  alcohol 
usually  go  band  in  band  but,  clinically,  this  form  of  amblyopia  occurs  almost 
exclusively  among  those  who  for  years  have  been  excessive  consumers  of 
tobacco.  The  Symptoms  develop  slowly.  Both  eyes  are  uniformly  af- 
fected.  The  first  complaint  is  of  foggy  vision  and  of  "  dazzling  '*  when 
in  a  strong  light.  Day  blindness  (nyctalopia)  is  a  prominent  Symptom 
and  its  presence  always  suggests  tobacco  poisoning.  Gradually,  central 
vision  deteriorates  and  after  a  time  reading  becomes  impossible  although 
the  peripheral  fields  of  vision  are  retained.  The  visual  fields  present  a 
central  color  scotoma  for  red  and  green  with  a  relative  central  scotoma 
for  white  (Fig.  133b).  The  scotoma  in  tobacco  amblyopia  corresponds  to 
the  distribution  of  the  maculopapillary  bündle  of  nerve  fibers,  i.  e,,  a 
horizontally    oval    area    which    just    embraces    the    macula    and    optic 

♦Tjrson,  Arch.  of  Ophthalmology,  Scpt  191«. 
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nerve.  If  thc  patient  persists  in  the  use  of  tobacco  thc  relative  white 
scotoma  becomes  absolute  and  central  vision  is  lost.  The  peripheral 
fields,  however,  are  not  aflfected  and  complete  blindness  does  not  occur.  If 
the  use  of  tobacco  is  discontinucd  when  toxic  Symptoms  first  develop,  re- 
covery may  be  expected. 

The  Pathologie  lesion  is  generally  regarded  as  a  primary  inflam- 
mation  of  the  maculopapillary  bündle  of  nerve  fibers  in  the  optic  nerve. 
This  cannot  be  considered  as  fully  established,  particularly  as  blindness 
in  methyl  alcohol  poisoning  is  supposed  to  be  caused  by  destruction  of 
the  ganglion  cells  in  the  retina. 

loDiFORM  Poisoning.  Poisoning  by  iodiform,  which  at  one  time  was 
conmion,  produces  eye  Symptoms  almost  identical  with  those  of  alcohof 
and  tobacco. 

QuiNiNE  Amblyopia.  Quinine  in  poisonous  doses  produces  extreme 
ischemia  of  the  retina  and  bfmdness.  As  a  rule,  vision  returns,  although 
if  poisoning  has  been  severe  permanent,  concentric  constriction  of  the 
Visual  fields  results.  In  experimental  poisoning  with  quinine,  Holden 
found  narrowing  of  the  retinal  vessels  and  degeneration  of  the  ganglion 
cells.  It  is  not  clear  whether  the  ganglion  cell  changes  were  due  to 
direct  action  of  quinine  or  to  malnutrition  f  rom  anemia  of  the  retina.  Par- 
sons  concluded  from  experiments  on  animals  that  the  retinal  ischemia  in 
quinine  poisoning  was  due  to  withdrawal  of  blood  from  the  surface  and 
its  accumulation  in  the  great  abdominal  veins. 

Salicylic  Acid  may  produce  temporary  amblyopia  resembling  quinine 
poisoning  as  described  above.  Other  drugs  which  may  produce  amblyopia 
with  a  pale  disc  and  retinal  anemia  are  felix  mas,  oil  of  wintergreen,  co- 
caine,  ergot,  antifebrine,  acetanalid,  adrenaline,  nitorbenzol  and  chlorate 
of  potash. 

Amblyopia,  usually  accompanied  by  congestion  of  the  nerve  and 
retina,  occurs  in  poisoning  by  phosphorus,  scamonium,  pomegranate,  col- 
ocynth,  ptomaines  and  aniline  oil.  The  last  named  may  exhibit  a  violet 
fundus  and  black  vessels. 

Amblyopia  has  been  reported  from  overdoses  of  sulphuretted  hydro- 
gen,  carbolic  acid  and  other  drugs.  The  intramuscular  injection  of  arsenic 
and  anilin  preparations  for  eure  of  Syphilis  has  been  followed  by  optic 
atrophy. 

The  fundus  picture  of  lead  amblyopia  is  inconstant  and  varies  from 
choked  disc  with  retinal  hemorrhage  to  blindness  without  ophthalmo- 
scopically  visible  changes. 
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Colored  vision  (chromoiopsia)  may  be  caused  by  drugs.  Santonin 
utumlly  prodiices  yeliow  vision,  less  f  requently,  red  or  green  vision.  Chro- 
motopsia  may  be  caused  also  by  chromic  acid,  picric  acid,  amyl  nitrite, 
cannabis  indica,  digitaiis,  carbonic  acid,  tobacco  and  coffee.  Temporary 
•cotoma  may  be  due  also  to  coffee. 

Retinitis  Proliferans.  In  1869  Jager  illustrated,  and  in  1876 
Manz  named,  the  condition  known  as  retinitis  proliferans.  The  essential 
feature  of  this  disease  is  the  presence  of  dense  masses  of  connective  tissue 
(Fig.  134)  or  of  thin  membranes,  which  originale  in  the  retina  and  extend 
forward  into  the  vitreous  (Fig.  135).  These  sheets  of  connective  tissue 
usually  arise  from  the  disc  or  its  vicinity  and  are  attached  anteriorly  to  the 
ora  serrata.  Nearly  all  authors  regard  hemorrhage  as  an  essential  prc- 
liminary  in  the  formation  of  retinal  membranes,  which  are  supposed  to  be 
metamorphosed  fibrinous  coagula.  As  stated  by  Flemming,  however,  some 
additional  factor  is  required  to  convert  blood  dots  into  membranes.  Pro- 
liferation of  neuroglia,  espedally  of  Müller*s  fibers,  has  been  accepted  by 
iome  as  the  source  of  the  new  tissue,  but  extensive  proliferation  of  neuroglia 
is  an  improbable  e\xnt.  A  more  reasonable  origin  for  the  membranes  is 
found  in  proliferation  of  the  connective  tissue  (adventitia)  which  surrounds 
the  vessels  on  the  disc  (Wehrli,  Römer,  Parsons).  Under  proper  Stimu- 
lation this  tissue,  like  connective  tissue  elsewhere,  actively  prolitcratcs. 
In  a  similar  manner,  connective  tissue  around  a  retinal  vessel  may  produce 
enormous  hypertrophy  of  the  inner  layer  of  the  retina   (Fig.   134). 

It  is  not  unusual  to  find  fibrous  membranes  in  eyes  which  have  been 
enudeated  for  injury  attended  by  intraocular  hemorrhage,  particularly 
when  a  foreign  body  is  retained  within  the  eye.  Figure  136  represents  a 
section  from  an  eye  in  which  a  piece  of  stone  was  imbedded  for  eight  months 
in  the  posterior  cxtrcmity  of  the  dliary  body.  There  is  enormous  prolifera- 
tion of  connective  tissue  on  the  disc.  The  same  tissue  is  continued  into  the 
vitreous  in  the  form  of  thick  membranes.  In  this  case  the  foreign  body 
which  stimulated  proliferation  was  remote  from  the  nerve. 

Flemming's  idea  that  the  hyaloid  membranes  are  concerned  in  retinitis 
proliferans  appears  true  for  certain  cases  in  which  the  vitreous  scpta  ap- 
pear  to  form  a  foundation  on  which  extraneous  matter  is  dcpoüitcd 
(Fig.  137). 

Figure  137  is  from  a  case  of  typical  traumatic  rctinitin  proliferans 
preceded  by  hemorrhage.*  A  piece  of  steel  entcred  throuKh  f  fic  cf»rnr.i  ;in<| 
lodged  in  the  retina  ncar  the  disc.     The  intraocular  hcrnorrluiKr  wlndi 

•From  a  cas«  whith  I  microscopically  examined  for  JJr    Ijwthur  Uny,  ni  Aukuoi».  (,4 
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resulted  prevented  Bn  ophthalmoscopic  examination.  The  stecl  was  re- 
moved  by  magnet  and  thc  wound  healed.  Six  months  lacer  the  eye  was 
enucicated  for  a  burn  of  thc  Cornea.  The  microscopic  examination  showed 
a  funncl-shaped  fibrous  membrane,  the  apex  of  which  was  attached  to  the 
retinal  wound,  near  the  nerve,  and  the  expanded  edge  to  the  ora  scrrata 
(Fig.  138).  It  is  interesting  to  note  that  a  band  of  connective  tissue  cx- 
tended  bctween  the  disc  and  posterior  attachment  of  thc  membrane. 

Retinitis  proliferans  is  uncommon.  Wecks,  among  24,000  patients 
met  but  two  examples.  The  condition  may  be  due  to  traumatism  or  to  some 
constitutional  dyscrasia.  Wecks  speaks  of  Syphilis  as  a  common  cause. 
Spontaneous  cascs  occur  in  ill-nourished  young  pcople,  usually  males. 
Frequently,  both  cyes  are  affected,  If  spontaneous  cases  arc  preccdcd  by 
hemorrhagc  somc  form  of  vascular  degcneration  may  be  assumed.  Ex- 
ceptionally,  contraction  of  the  membrane«  leads  to  detachment  of  the 
retina   (Scott). 


ly  the  eye  becoracs  soft  and 
ocular  hemorrhage,  glaucoma 

[ANS.  Right  eyeground  of  a 
ished  specimen  of  a  city  de- 
■face  artcries  palpable;  urine 
n  sevcrely  clubbed  by  the  po- 
t-ollowing  such  an  encounter  two 


The  prognosis  is  unfav""M 
phthisical  although,  as  in  oth<  n 
may  develop. 

Stereogram  61.    Ret 
man  aged  28  years.     He  is  a       ' 
generale;  blood  pressure  178  mm 
contains  a  trace  of  albumin.     Has 
lice  and  beaten  in  fistic  encounters. 

years  ago,  vision  becamc  poor  in  thc  right  eye.  Ophtha! moscopk  Examina- 
tion. Thc  left  eye  contains  no  membranes  but  a  small  hemorrhage  has 
occurred  between  the  macula  and  disc.  The  right  eye  contains  a  number  of 
thin  membranous  formacions,  attached  to  the  disc,  some  of  which  extend 
forward  beyond  the  Ümits  of  the  ophthalmoscoptc  field.  The  upper  of 
these  new  formations  appears  to  be  a  solid  mass  of  connective  tissue  covered 
with  adventitious  blood  vessels.  The  membranes  are  greyish-white  in 
color,  very  dense  at  the  disc  but  thin  and  semitransparent  anteriorly.  They 
are  immovable  and  do  not  float  about  in  the  vitreous  when  the  eye  is  moved. 

DiAGNOSis.  The  ophthalmoscopic  plcture  of  retinitis  proliferans  is 
unmistakable.  These  membranes  are  distinguished  from  detachment  of 
the  retina  by  their  whltish  color,  membranous  form  and  attachment  to  the 
nerve.  Occasionally,  retinitis  proliferans  leads  to  detachment.  These 
formations  difier  from  vitreous  opacitles  of  inflammatory  origin  by  their 
color  and  immobility. 


Fig.    13fl — Retinitis    Proliferans, 
branous  Formatiün.  anfing  from 
Ora  Serrata  anii  might  lie  mistaki 
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Retinitis  Striata  and  Angioid  Streaks  in  the  Retina.    All 

forms  of  striate  conditions  in  the  fundus  have  been  described  as  retinitis 
striata  but  this  name  should  be  reserved  for  two  fairly  well  defined  clinical 
pictures,  now  designated  respectively  as  retinitis  striata  and  angioid  streaks. 

Retinitis  striata  is  the  term  applied  by  Nagle,  in  1864,  to  a  peculiar 
affection  apparently  allied  to  retinitis  proliferans.  It  is  characterized  by 
the  presence  of  branching  Striae  in  the  retina  situated  behind  the  retinal 
vessels  and  in  front  of  the  tessellated  epithelium.  The  streaks  vary  in 
width  from  one  to  three  times  the  diameter  of  a  primary  retinal  vessel, 
are  bluish-  or  yellowish- white  in  color  and  not  infrequently  bordered  or 
covered  by  a  dark  brown  pigment.  The  course  pursued  by  the  Striae  is 
inconstant;  they  may  radiate  from  the  diso  in  the  most  eccentric  directions 
(Dünn)  or  they  may  traverse  the  fundus  diagonally  in  long,  straight 
lines,  the  general  direction,  however,  being  from  periphery  to  center. 
The  vessels  may  appear  normal  or  sclerosed;  in  somc  cases  they  have  been 
reported  as  extremely  tortuous  (Gloor;  Schilling).  In  most  reports  the 
vitreous  is  described  as  clear,  occasionally  as  turbid.  The  disease  does 
not  appear  to  have  any  constant  subjective  Symptoms  such  as  disturbance 
of  the  color  sense,  hemeralopia,  nyctalopia,  etc.  Usually,  vision  is  con- 
siderably  lowered  and  the  visual  field  irregularly  contracted,  but  these  Symp- 
toms appear  to  bear  a  relation  to  the  amount  of  mechanical  destruction  of 
tissue.  Thc  retina  may  or  may  not  exhibit  opacity.  This  variety  of 
striate  retinitis  usually  is  confined  to  one  tye  and  in  many  cases  a  traumatic 
origin  can  be  traced. 

Angioid  streaks  in  the  retina  is  a  condition  closely  related  to,  if  not 
identical  with,  the  retinitis  striata  of  Nagle.  The  first  case  was  reported 
by  Plange,  to  which  Herman  Knapp  immediately  added  another  and  named 
the  disease  ''  angioid  streaks  in  the  retina."  In  this  type  of  the  affection 
the  streaks  occupy  the  same  position  beneath  the  retinal  vessels  and  pursue 
a  similar  course  as  in  retinitis  striata.  They  differ,  however,  in  that  they  are 
narrower  and  consist  of  brownish  pigment  instead  of  white  tissue.    An  ex- 
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ception  as  regards  the  color  of  the  streaks  existed  in  a  case  by  Stephenson 
in  which  the  brown  stripes  were  bordered  on  one  sidc  by  a  broader  white 
stripe,  suggesting  a  transformation  of  angioid  streaks  into  white  strix 
(retinitis  striata).  Angioid  streaks  are  more  frequently  bilateral  than 
retinitis  striata.  Both  types  belong  to  early  adult  life,  while  some  cases 
appear  to  be  congenital. 

The  identity  of  retinitis  striata  and  angioid  streaks  remains  to  be 
established,  but  it  is  at  least  probable  that  both  conditions  originate 
f  rom  blood  extravasated  into  the  retina.  That  this  is  the  origin  of  angioid 
streaks  has  been  established  by  both  Holden  and  deSchweinitz,  who  have 
watched  the  transformation  of  blood  into  brown  strise.  Holden  assumes 
that  the  affection  called  retinitis  striata  like  that  called  angioid  streaks, 
arises  through  periphic  hemorrhages  di£fused  in  a  linear  manner  through 
the  deep  layers  of  the  retina  where  they  undergo  various  sorts  of  metamor- 
phosis.  Inasmuch  as  the  retinal  epithelium  is  not  disturbed,  the  only  other 
apparent  source  for  the  brown  pigment  is  blood.  Plange  ascribed  the 
Striae  to  hemorrhages  which  excited  secondary  hyperplasia  of  Müller's 
fibers.  Dünn  suggested  an  inflammatory  origin  but  observing  no  change 
in  the  streaks  after  prolonged  Observation,  he  accepted  a  hemorrhagic 
origin  for  the  condition.  Walser  thought  that  retinal  Striae  might  be  due 
to  coUoid  excrescences,  intrauterine  hemorrhage  or,  what  he  regarded 
as  most  probable,  to  folds  in  the  retina.  Pretori  believes  in  the  congenital 
origin  of  the  äff ection.  Striae  may  form  in  cured  detachments  of  the  retina, 
but  reattachment  is  a  much  more  infrequent  cause  for  retinal  striation  than 
is  generally  supposed.  While  there  is  little  doubt  of  the  hemorrhagic 
origin  of  retinitis  striata,  it  is  difficult  to  understand  why  blood  should 
assume  a  linear  form  in  the  retina.  True,  Schwalbe  and  His  have  de- 
scribed  retinal  lymph  Spaces  radial  with  the  diso,  but  the  existence  of  such 
Channels  is  doubtful.  It  is  highly  probable  that  some  cases  of  retinal  Striae 
may  originate  in  natal  hemorrhage  occurring  while  the  infant's  thorax  is 
compressed  in  the  parturient  canal  (compression,  or  traumatic  asphyxia). 

Stereogram  62.  Retinitis  Striata.  Left  eyeground  of  a  woman 
aged  23  years.  Vision  in  the  right  eye  is  20/20  and  in  the  left  eye  20/50; 
States  that  vision  in  the  left  eye  has  always  been  defective. 

Ophthalmoscopic  Picture:  Media  clear;  optic  nerve  and  retinal 
vessels  appear  normal ;  the  distinguishing  feature  in  the  fundus  is  a  number 
of  white  and  brownish  Striae,  situated  in  the  retina  behind  the  vessels  but  in 
no  way  connected  with  them.  The  Striae  are  white,  although  in  many  places 
they  are  overlaid  or  bordered  by  brown  pigment.    Two  stripes  Start  from 
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the  edge  of  the  disc,  one  of  which  proceeds  upward  and  the  other  down- 
ward.  At  first  they  are  straight  and  brown,  but  soon  branch  and  exhibit 
an  undcrlying  white  structure.  These  Striae  are  joined  by  others  of  a  yel- 
lowish-white  color  and  free  from  pigment,  which  extend  diagonally  across 
the  retina. 

The  origin  of  the  streaks  in  this  retina  can  only  be  surmised,  but  I 
am  disposed  to  regard  them  as  the  residue  of  hemorrhages  which  occurred 
either  during  birth  or  in  early  infancy. 

DiAGNOSis.  In  retinitis  proliferans  the  new-formed  tissues  are  situated 
in  front  of  the  retinal  vessels,  while  in  retinitis  striata  they  are  behind 
them.  Retinal  streaks  due  to  reattachment  of  a  detached  retina  are  diag- 
nosticated  only  by  an  undoubted  history  of  preceding  detachment  as  in 
Görlitz's  case.  From  a  preconceived  but  mistaken  view  of  their  etiology, 
many  cases  of  retinitis  striata  have  been  wrongly  attributed  to  detachment. 
A  very  narrow,  branching  rupture  of  the  choroid  might  be  mistaken  for 
retinitis  striata,  but  may  be  distinguished  by  its  crescentic  form  and  by  its 
Situation  which  is  concentric  to  the  outline  of  the  diso. 
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Metastatic  Retinitis  (Endogenous  Ophthalmitis) .  Infection  of  the 
retina  is  caused  either  by  exogenous  bacteria  introduced  through  perfora- 
tions  of  the  globe  or  by  endogenous  material  carried  to  the  eye  through 
the  blood  Channels.  Exogenous  retinitis  does  not  come  within  the  scope  of 
this  work.  Metastatic  Ophthalmitis  may  develop  in  the  course  of  puer- 
peral fever,  surgical  sepsis  or  other  microbic  diseases.  All  parts  of  the 
eye  may  be  attacked,  but  in  this  discussion  only  retinal  metastases  will  be 
considered  (see  metastatic  choroiditis).  Two  principal  forms  of  metas- 
tatic retinitis  are  recognized:    (1)  A  progressive,  inflammatory  process 
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which  tenninates  elther  in  purulent  panOphthalmitis,  phthisis  bulbi  or  In- 
flammatory  dctachmcnt  of  the  retina;  (2)  Septic  retinitls  of  Roth,  dis- 
tlnguished  by  white  spots  and  hcmorrhages  into  the  retina  and  by  its  non- 
progressive charactcr. 

The  progressive,  inflammatory  type  of  metastatic  retinitia  commenccs 
in  the  retina,  although  the  ciliary  body  is  always  involved.  The  condition 
develops  rapidly.  White  spots  and  hemorrhages  appear  in  the  retina, 
the  vitrcous  becomes  turbid,  total  dctachmcnt  of  the  retina  quickly  develops 
and  within  twentj'-four  hours  vision  is  abolished.  The  attack  may  be  ac- 
companied  by  pain.  From  this  point  one  or  two  courses  may  be  pursucd, 
namely,  siippuration  or  resolution,  Suppuration  is  indicated  by  edema  of 
the  lids  and  purulent  iridocyclitis  culmin;  5  in  bulbar  abscess.  In  ccrtain 
cases  the  contents  of  the  eye  break  down  i  form  pus.  Spontaneous  Per- 
foration, however,  may  not  occur,  and 


»be  may  rcmain  in  the  condition 
exacerbations.  In  cases  whicb 
agglutinated  by  inflammatory 
:  mass  behind  the  lens,  Pro- 
la  and  new  blood  vessels  form 
embles  a  malignant  neoplasm 
itergm.  77).  In  childrcn  this 
:rue  glioma  (page  286).  The 
on  to  the  destructron  wrought 


of  a  "  cold  abscess,"  siibject  to  infia 

terminate  by  resolution,  the  detai 

exudates,  forms  a  yellow 

liferativc  processes  may  Qcv. 

on  its  surface,  in  which  eveni  1 

and  hence  is  known  as  "  pscudo 

condition  requires  to  be  difEere       1 

intraocular  tcnsion  Is  diminishea  m  piop^^. 

to  the  ciliary  processes.     In  many  cases  the  tension  remains  normal.     If 

iritic  adhesions  exist  sufficient  to  obstruct  the  outflow  of  aqueous,  secondary 

glaucoma  develops. 

Pathology.  Metastatic  retinitls  probably  is  always  caused  by  bao 
terial  emboli  in  the  capiUaries,  the  results  varying  according  to  the  viru- 
lence  of  the  micro-organism  or  degree  of  immunity  confcrrcd  upon  the 
tissues.  Failure  to  demonstrate  bacteria  in  the  tissucs  is  not  evidence 
against  the  bacterial  origin  of  the  process,  inasmuch  is  these  organisms 
may  disappear  in  the  last  stages.  Treacher  Coltins  regards  the  retina  as 
the  usual  starting  place  of  metastatic  endophtbalmitis,  but  difficulty  19  ex- 
perienced  in  finding  an  example  limited  to  the  retina. 

In  the  following  case  the  uvea  did  not  appear  to  be  involved  in  the 
activc  inflammatory  process.* 

Right  eye  of  an  infant  9  months  of  age.  Measles  prevailed  in  the 
family  during  the  period  of  the  mothcr's  gestation  and  parturition.    The 
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mother  thinks  the  chlld  was  born  blind.  A  yellowish-whitc  mass  was  secn 
bchind  the  lens  of  each  eye.  The  right  eye  was  enudeatcd.  Microscopic 
examination  showcd  that  the  intraocular  mass  consisted  of  the  totally  de- 
tached  retina  which  was  connected  by  plastic  adhesions  to  the  cillary  body 
and  lens.  Aside  f  rom  this  the  ciHary  body  contained  no  evidence  of  inflam- 
matory  action  (Fig.  117). 

Frequent  opportunities  occur  to  study  the  carly  stages  of  acute  sup- 
purative  retinitis  developing  after  exogenous  infection  from  perforating 
wounds  and  corneal  ulcers.  The  infection  usually  is  implanted  in  the  cil- 
iary  body.  Leucocytes  appear  in  the  retina  first  at  the  ora  serrata  and  at 
about  the  same  time  around  the  optic  disc,  traveling  from  the  anterior 
part  of  the  eye  backward  along  the  surf ace  of  the  retina  and  also  through 
the  hyaloid  canal.  They  soon  infiltrate  the  retina  and  ensheath  the  ves- 
sels,  particularly  the  veins.  There  is  intense  inflanunatory  edema  of  the 
retina  which  is  quickly  detached  by  the  accumulated  fluid.  The  effusion 
is  rieh  in  proteids,  which  are  precipitated  by  reagents  employed  to  harden 
the  eye  and  appear  under  the  microscope  either  as  granulär  deposits, 
fibrinous  coagula  or  rounded  hyaloid  masses.  If  suppuration  does  not 
ensue,  these  exudates  may  pass  through  the  degenerative  processes  which 
terminate  in  fatty  or  calcareous  deposits.  From  the  retina  the  purulent 
process  passes  to  the  vitreous  and  choroid.  The  Contents  of  the  eyeball 
may  become  necrotic  and  be  discharged  as  pus  or  undergo  Organization 
and  atrophy.  The  metastatlc  retinitis  of  meningitis  and  measles  tends  to 
terminate  in  Organization  rather  than  necrosis.  If  the  retina  undergoes 
proliferative  inflammation,  collections  of  lymphoid  and  giant  cells  may  be 
found.  Axenfeld  states  that  1.3  per  cent  of  the  cases  which  do  not  sup- 
purate  excite  sympathetic  inflammation.  This  Statement  is  important  and 
should  be  either  confirmed  or  disproved. 

Septic  Retinitis  of  Roth.  Roth  first  reported  that  in  septic  con- 
ditions  a  retinitis  occurred  which  bore  some  resemblance  to  that  observed 
in  albuminuria.  In  this  condition  the  exterior  of  the  eye  usually  appears 
normal.  Exceptionally,  there  are  hemorrhages  into  the  conjunctiva  and 
slight  Chemosis.  Pupillary  reactions  are  normal;  the  media  are  clear;  the 
nerve  head  is  neither  reddened  nor  swoUen;  round  and  oval  white  spots 
appear  in  the  posterior  zone,  distributed  about  the  disc.  These  spots 
rarely  appear  in  or  near  the  macula  or  anterior  to  the  equator,  nor  do 
they  follow  the  vessels  but  when  in  contact  with  the  latter  the  spot  lies 
in  front.  They  manifest  no  tendency  to  enlarge  or  to  coalesce.  Aside  from 
the  spots  thert  is  no  opacity  of  the  retina.    Superficial  hemorrhages,  dis- 
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tributed  in  a  manncr  simüar  to  the  spots,  but  not  connected  with  them. 
usually  are  present.  Sometimcs  the  hemorrhages  contam  white  Centers, 
and  Lcnhartz  has  observcd  thesc  in  perfectiy  frcsh  extravasations.  White 
spots  may  occur  wlthout  hemorrhage  or  hemorrhages  without  white  spots, 
either  being  sufficient  to  establlsh  a  diagnosis  of  scptic  rctinitis.  Litten 
thought  that  retinal  hemorrhage  was  the  Immediate  precursor  of  death 
but  Wilbrand  and  Saenger  have  observcd  it  weeles  bcfore.  MetastatJc 
Ophthalmitis  of  all  types  occurs  in  onc  eye  about  twicc  as  frcquently  as 
in  both. 


Pathologv.    The  propriety 
only  a  Variation  of  the  severe 
conceded.     That  it  is  cai 
body  remains  to  be  prov 
demonstrated  in  the  les. 
Axenfeld-Goh  rcport  a 
rctinitis.    Masses  of  pne 
but  in  the  older  spots  the  i 
small  retinal  vein  was 
bacteria  possesa  but  sligh 
case  in  whtch  the  retinal 
reports  a  case  presenting  both  type; 


ring  Roth's  septic  retinitis  as 
tatic  retinitis  is  not  generally 
rated  in  remote  parts  of  the 
e,  micro-organisms  have  bccn 
)od  vesscls  of  typical  cases. 
tive  endocarditis  with  septic 
in  the  recent  retinal  deposits, 
ing  or  had  disappeared.  One 
bacteria.  In  the  retina  these 
rand  and  Saenger  describe  a 
1  with  Streptococci.  Gruncrt 
istatic  retinitis.     In  the  right 


eye  was  a  severe  Iridocyclitis  with  vitreous  abscess,  and  in  the  Icft  eye  a 
typical  septic  retinitis  of  Roth.  In  the  latter  case  the  vitreous  remained 
clear  and  the  appearance  of  the  spots  was  unchanged  at  the  timc  of  death. 
Reports  upon  the  histologic  changes  found  in  Roth's  spots  indicate  their 
localized  character.  Slight  edema  and  loss  of  nuclear  staining  may  exist  in 
the  adjacent  retina.  In  fresh  cases  Grunert  found  the  spots  to  consist  of 
sharply  detined  accumulations  of  round  cells.  Wübrand  and  Saenger  found 
them  to  be  composed  of  massed  leucocytcs.  Ncarly  all  reports  mention  the 
presence  of  so-calied  "  ganglionic  nerve  fibers,"  which  may  be  regarded 
as  only  altered  leucocytes. 

Diagnosis.  The  ophthalmoscopic  diagnosis  between  Roth's  spots 
and  miliary  tubercles  in  the  chorold  is  difficult.  Tubcrcles  have  a  reddish  or 
yellow  color,  whüe  the  septic  nodules  are  white.  Retinal  hemorrhages  are 
more  common  in  scpsis  than  in  miliary  tuberculosis.  An  opttc  neuriti* 
would  suggest  cerebral  tuberde.  The  solitary  choroidal  tubercle  is  much 
larger  than  Roth's  spots. 
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OPTIC  NEURITIS  AND  OPTIC  ATROPHY. 


Optic  Nkuritis,     The  study  of  optic  neuritis  will  be  facllitated  by 


recognizing  two  pathoIogic  conHifi. 
each  other.     These  are,    ( I )    pa 
swelling  of  the  ncrvc  head,  and 
of  the  nerve,  situated  eitlicr  beh 
the  ocular  end  (Intraocular  nei 
has  been  arbitrarlly  applied  to  ; 
an  elcvatlon  of   1   mm.    (3 
reserved  for  cases  of  nonin 
theless  the  term  as  now  em 
Two  thcories  are  proi 
both  of  which  rccognize  the 
fluid  passes  directly  from  tf 
nervcs :   ( 1 )  The  Manz,  Schij 


i  which  may  or  may  not  merge  mto  I 
a  or  passive,  noninflammatory 
neuritis  or  activc  Inflammation  j 
ibe  (retrobulbär  neuritis)  or  at  | 
tis).  The  term  "  chokcd  disc  " 
of  the  nerve  head  which  reuchesJ 
stricily  speaking  It  should  bei 
dema  or  papilledema.  Nevcr-J 
lUy  convenient. 

le  pathogcncsis  of  choked  discJ 
natomic  fact  that  cerebrospinal 
:y  into  the  sheaths  of  the  optic  ' 
^eory,  according  to  which  a  high 


intracranial  pressure  retards  the  return  lymph  currcnt  from  the  nerve 
sheaths  to  the  brain.  This  causes  distension  of  the  sheaths  and  forces 
fluid  into  the  ocular  end  of  the  nerve  and  into  the  rigid  lamina  cribrosa. 
thus  strangulating  the  retinal  vessels  and  the  Intraocular  portion  of  the 
nerve  (Fig.  139).  Parinaud  agrces  with  this  thcory  as  regards  lymph  ob- 
struction,  but  believes  that  it  acts.  not  through  distension  of  the  sheath  but 
by  causing  edema  of  the  entire  nerve  trunk  includlng  the  intraocular  end 
(Figs.  140-141).  (2)  The  inflammatory  theory  of  Leber  assumes  that 
intracranial  discase  produces  toxtns  which  are  carried  by  lymph  currents 
into  the  optic  sheaths  where  they  excite  inflammatory  reactlon  in  the  tierve 
and  dIsc. 

Both  the  above  thcories  are  mcasurably  tnie,  but  each  is  applicable 
to  a  difFerent  form  of  neuritis.  In  chokcd  disc  produced  experimentally 
and  by  brain  tumor,  the  microscope  falls  to  reveal  evidence  of  true  inflam- 
mation, although,  if  swelling  of  the  nerve  head  Is  excessive,  there  may  be 
local  tissue  reactlon  wIth  round  celled  Infiltration  as  occurs  in  the  analogous 
condition  of  strangulated  hernia.  On  the  other  hand,  in  the  metastatlc  and 
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Fig,  133— Chüked  Disc.  TheSheatlis 
of  ihe  Optic  Nervt  are  Diütemled  wiili 
Fluid  Causiiig  Slrjingulalion  of  tliL- 
Retinal  Vessels  and  Intraocular  f'iir- 
lion  of  the  Nerve  {Manz,  Sclimidl- 
Rimpler   iheory). 


^ 
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descending  neuritis  of  septic  and  infectious  diseases,  in  Syphilis,  tubercu- 
losis,  sinus  thrombosis,  etc.,  inflammatory  infiltration  of  the  nervo  is 
marked  although,  if  only  the  proximal  end  of  the  nerve  is  involved,  the 
disc  may  not  be  swollen.  The  greatest  swelling  of  the  nerve  head 
observable  with  the  ophthalmoscope  occurs  in  papilledema,  which  is 
a  noninflammatory  condition  due  only  to  passive  congestion  and  edema 
(Figs.  142-143). 

In  the  great  majority  of  cases  choked  disc  is  obviously  due  to  me- 
chanical  compression  of  the  cranial  contents  by  tumors,  inflammatory  prod- 
ucts,  depressed  bone,  excess  of  cerebrospinal  fluid,  blood,  etc.  It  appears 
to  be  very  common  after  mastoid  Operations  involving  the  jugular  vein 
or  lateral  sinus  (Stergm.  66).  Exceptionally,  choked  disc  is  due  to  menin- 
gitis,  and  to  infectious  and  constitutional  disease,  especially  Syphilis;  also 
to  injury  (Fig.  144),  exposure,  sunstroke,  nasal  sinus  disease,  caisson 
disease,  arteriosclerosis  and  certain  poisons.  Other  cases  appear  to  be 
hereditary.  Very  rarely  choked  disc  accompanies  myelitis,  disseminated 
sderosis  and  general  paresis.  In  children,  optic  neuritis  usually  depends 
on  chronic  meningitis  or  cerebral  tuberculosis  (Fig.  145).  Choked  disc 
is  very  rare  in  hydrocephalus  externus  but  is  common  in  acute  hydrocephalus 
internus  (serous  meningitis)  in  adults  except  in  those  cases  attended  by 
nasal  discharge  of  cerebrospinal  fluid.  Serous  meningitis  seldom  causes 
choked  disc  in  children  in  whom  excessive  brain  pressure  is  relieved  by  Sep- 
aration of  the  ununited  cranial  bones.  Uthoff,  in  100  cases  of  syphilis  of 
the  nervous  System,  found  choked  disc  or  optic  atrophy  in  40  per  cent.  The 
Syphilide  changes  consisted  of  gummatous  new  formations,  65  per  cent; 
gummatous  meningitis  (usually  basilar),  23  per  cent;  vascular  disease,  8 
per  cent ;  syphilitic  hydrocephalus  internus  2  per  cent ;  double  Periostitis  of 
orbit  2  per  cent.  In  cerebral  hemorrhage  3  per  cent  of  the  cases  develop 
choked  disc  which,  according  to  Uthoff,  is  always  due  to  percolation  of 
blood  from  the  cranial  cavity  into  the  nerve  sheath  (hematoma  of  the 
sheath).  The  infrequency  of  choked  disc  in  cerebral  hemorrhage  may 
be  explained  either  by  rapid  recession  of  high  brain  pressure  or  by  quick 
death  of  the  subject. 

The  füll  development  of  a  choked  disc  (papilledema)  may  occupy 
weeks  or  months.  Rapid  development  accompanied  by  early  loss  of  vision 
indicates  an  inflammatory  or  toxic  condition  (true  neuritis).  It  is  not 
unusual  in  papilledema  for  vision  to  remain  normal  for  months,  showing 
that  the  nerve  fibers  have  not  been  constricted  sufficiently  to  destroy  their 
conductivity.     Usually,  however,  vision  is  blunted  and  unless  pressure  is 
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relieved  it  is  permancntly  destroycd.  In  brain  tumor,  : 
ment  of  papilledema,  üttlc  ophthalmoscopic  change  occurs  tot  a  long 
time;  months  or  cvcn  a  ycar  may  pass  when,  gradually,  the  »wdling  sub- 
aides,  the  outlmes  of  the  disc  reappear  and  atrophy  is  establisfaed. 

Stbrf.ocram  63.  Papilledema  {chokcd  disc)  in  Brain  Tumor. 
Right  eyeground  of  a  man  aged  37  years.  Has  double  chokcd  discs  due 
to  brain  tumor.  The  fellow  eye  is  shown  in  stercogram  64.  The  head  of  . 
the  optic  ncn'c  form»  a  mound-like  projection  rising  1.3  ram.  (S.D.) 
above  the  levcl  of  the  fundus.  The  diamcter  of  the  disc  apparemly  is 
increased  owing  to  cxtcnsion  of  edcma  from  the  nerve  into  fhe  neighboring 


retina.    The  swollen  tissue  of  the 
and  retarded  circulation.     The 
evidently,  are  convcying  morc 
cm  carry  away.    As  a  result,  mc 
Tortuosity  is  extreme  in  'h^  iofi 
Krew,  and  also  in  a  vei 
and  fall  in  n  plane  perpc 
but  serous  transudatiot 
vesaeis. 

Coloring  for  a  cho 
emic  nerve  hcad  overlaiu 
nerve  the  swelling  is  mi 
and  its  aurface  is  deÜcaiciy  vciuw. 


■,s  compressed  the  retinal  vessels 
irc  straight  and  narrowed  but, 
retina  than  the  obstructed  veini  | 
darkened,  tortuous  and  düated. 
ar  vein  which  twists  llke  a  cork- 
In  the  convolutions  of  which  rise 
:ina.  No  hcmorrhagcs  are  seen 
las  occurred  along  some  of  the  i 

I  by  a  dark  red,  intensely  hyper-  ' 
dematous  nerve  fibers.  In  this  J 
,  the  disc  has  a  pale  rose  color  J 
.  engorged  capUlaries.     In  cascs  " 


attended  by  excessive  swelttng,  the  serous  Infiltrates  may  completely  obscure 
the  red  disc  and  the  nerve  head  will  be  very  light  in  color.  The  light  spot 
obscrvcd  in  the  center  of  this  disc  is  a  decp  physiologic  cxcavation  filtcd 
by  edematoiis  tissue.  Despite  the  alarming  appearance  of  the  fundus,  vision 
is  normal. 

DiACNOSis.  The  broad,  light  colored,  elevated  surface  exhibited  by 
this  disc  could  be  nothing  but  optic  neuritls.  In  the  absence  of  hemorrhage, 
venous  thrombosls  would  not  be  considereJ  In  the  differentlal  diagnosis. 
There  are  no  ophthalmoscopic  slgns  which  distlngulsh  the  choked  disc  of 
brain  tumor  from  that  caused  by  other  conditions,  but  in  this  case  the 
absence  of  vasoilar  degcneration,  hemorrhage  and  plastlc  exudation  tends 
to  exclude  all  forms  of  angiopathic  neurltis  and  indicates  a  cerebral  origin 
for  the  swelling. 

In  all  cases  of  true  papilledema  it  is  probable  that  intracranial  pres- 
sure ia  relatively  high.  The  deleterious  eßect  which  this  exerts  upon  the 
optic  discs  depends  upon  the  unyielding  bony  walls  of  the  cranial  cavity 
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which  vent  excessive  internal  pressure,  through  the  optic  foramen  and 
into  the  intervaginal  space  around  the  optic  nerve.  This  is  verified  in 
cases  of  brain  tumor  where  choked  discs  disappear  after  intracranial  pres- 
sure is  relieved  by  trephining  the  skull. 

In  the  great  majority  of  cases  choked  disc  is  caused  by  tumor  of 'the 
brain,  and  of  all  the  Symptoms  which  brain  tumor  presents,  choked  disc  is 
most  nearly  pathognomonic.  The  ophthalmologist  is  required  not  on!y 
to  discover  choked  disc  but  to  ascertain  its  origin;  therefore,  he  should 
possess  a  knowledge  of  its  principal  cause.  In  brain  tumor  papilledema 
develops  in  about  80  per  cent  of  all  cases.  It  is  said  to  occur  most  fre- 
quently  with  cysts  and  glioma,  less  often  with  tuberculous  growths.  The 
nature  of  tuberde  is  to  replace,  not  displace  tissue;  therefore,  it  is  possible 
for  a  tuberculoma  to  develop  in  the  brain  without  increasing  the  cranial 
content.  The  location  of  a  tumor  is  more  influential  in  causing  choked 
disc  than  its  size;  thus,  it  is  almost  constant  in  tumors  of  the  cerebellum 
and  Corpora  quadragemini,  but  less  frequent  in  tumors  of  the  corpus  cal- 
losum  and  convexity.  Choked  disc  from  brain  tumor  usually  is  bilateral, 
but  the  degree  of  swelling  or  stage  of  progress  may  vary  widely  in  the  two 
eyes.  When  unilateral,  it  may  occur  in  either  eye,  but  is  most  frequent  on 
the  side  of  the  tumor.  Tumors  situated  far  forward  in  the  brain  are  more 
apt  to  cause  choked  disc  on  the  same  side  than  when  situated  far  back,  but 
this  is  not  always  the  case.  In  unilateral  papilledema  the  possibility  of  a 
growth  which  involves  one  nerve  must  be  borne  in  mind. 

The  most  frequent  general  Symptoms  of  brain  tumor  are  headache, 
slow  pulse,  expulsive  vomiting,  epileptic  seizures,  apoplectic  attacks  and 
psychic  disturbances.  The  focal  Symptoms  are  perversion  or  loss  of  func- 
tion  in  a  spinal,  cranial  or  special  nerve.  There  may  be  loss  of  vision  with- 
out eye  lesion,  disturbance  of  speech,  inequality  of  pupils,  tremors,  localized 
spasms,  choreiform  movements,  paralysis  or  contractures.  Focal  Symptoms 
to  be  diagnostic  of  brain  tumor  must  be  unilateral  and  not  suddenly  de- 
veloped.  Transitory  attacks  of  blindness  are  a  highly  sigrtificant  Symptom. 
Cushing,  in  123  cases  of  brain  tumor,  found  interlacing  or  inversion  of 
the  color  fields  (dyschromotopsia)  in  43  per  cent.  The  cortical  centers 
of  vision  are  in  the  occipital  lobes;  consequently,  tumors  of  this  region  are 
rieh  in  morbid  visual  phenomena  which  strongly  suggest,  but  do  not  prove, 
occipital  disease.  These  consist  of  hemianopsia,  hemianopsia  for  colors 
with  normal  fields  for  white,  photopsix  and  visual  hallucinations.  Mind 
blindness  indicates  a  lesion  of  the  occipital  lobes.     Tumors  of  the  hypo- 
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physi«,  as  in  acromegaly,  prcss  on  the  optic  chiasm  and  produce  bitemporal 
hemianopsia.  The  same  pheuomcnon  may  be  due  to  hyperdistcnsion  of  the 
third  ventricie. 

Exccpt  in  syphilitic  cases,  which  may  improve  under  treatment,  the 
coursc  of  brain  tumor  is  sieadily  progressive. 

Stf.keogram  64.  PAPiLLtDEMA  ( Cholced  Disc)  IN  Brain  Tumor. 
Left  cyeground  of  a  man  37  years  of  age,  Has  brain  tumor  with  bilateral 
choked  discs.  The  right  eye  is  shown  in  stcreogram  63.  In  the  left  eye 
the  papilledema  is  far  morc  intense  than  in  the  right.  The  nerve  head 
fornisan  abrupt  projection  2.S  mm.  {7.5  D.)  above  the  level  of  the  fundus.* 
The  swclling  of  the  nerve  offers  great  '--■-  ction  to  the  return  circulation 
as  shown  by  the  unusual  numbcr  of  I 


which  is  more  extensive  than  com 
arteries  are  sniall  and  straight.     Al 
form  long  sinuositics,  but  toward 
and  dip,  with  short  vertical  curvc» 
bursting  with  blood,  they  forc 
edematous   retina    around 
which  conform  to  the  cou 
hcmorrhages  at  the  borde.  . 
nerve  fiber  layer,  while  the  1' 
deeper  layers  of  the  retina. 


ages  and  by  the  retinal  edema 
iserved  in  choked  disc.  The 
phery  of  the  fundus  the  veins 
ley  become  extremely  tortuous 
edematous  retina  untll.  almost 

the  swollcn  nerve  head.  The 
its  delicatc,  radial  striationa 
fibers,     The  striate,  fcathery 

elsewherc  are  situated  in  the 
ided  extravasations  are  in  the 
l'e  is  reduced  to  10/200.    The 


deterioration  is  ascribed  partiy  to  uv6^..^...,ive  changes  in  the  nerve  fibers 
and  partiy  to  hemorrhages  in  the  macular  region, 

Diagnosis.  The  enormous  swelling  of  this  nerve  head  constitutes 
an  unmistakable  choked  disc.  The  question  of  associated  retinal  disease 
always  arises  in  cases  of  optic  neuritis  and  its  presence  or  absence  modities 
the  diagnosis  of  the  underlying  condition.  Although,  in  this  case,  hemor- 
rhage  is  abundant,  it  is  far  less  than  occurs  in  thrombosis  of  the  central 
vein  (Stergm.  46)  ;  moreovcr,  neuritis  usiially  is  absent  in  thrombosis  and 
when  present  is  mild  in  character.  In  albuminuric  retinitis  (Stergms. 
35-36)  the  exudates,  transudates  and  hemorrhages  occur  independently 
of  nerve  disease  or  vascular  constriction,  while  in  choked  disc  they  are  pro- 
portionate  to  the  degree  of  nerve  swelling.  The  cause  of  a  choked  disc  is 
not  ascertained  from  the  ophthalmoscopic  picture,  but  from  an  investigation 
of  the  systemic  condition. 

s  measured  by  the  difference  in  refraction  bctween  Ac 
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Neuritis  in  Nasal  Sinus  Disease.  Discovery  of  thc  rclation  bc- 
tween  diseases  of  the  accessory  nasal  sinuses  and  diseases  of  the  eye 
marked  an  important  advance  in  medical  knowledge.  While  little  is  known 
of  the  anatomic,  histologic  or  bacterial  changes  which  involve  the  eye  in 
nasal  disease,  a  mass  of  dinical  data  of  diagnostic  value  has  accumulated. 

The  accessory  sinuses  consist  of  the  maxillary  antrum,  frontal  sinus, 
ethmoidal  sinus  and  sphenoidal  sinus.  These  cavities  frequently  are  the 
seat  of  acute  and  chronic  inflammation,  and  as  they  are  in  contact  with 
the  orbit  and  optic  nerve  (Fig.  146),  the  eye  usually  is  more  or  less  dis- 
turbed.  The  inflanunatory  processes  that  occur  within  the  cells  of  the 
sinuses  consist  of  acute  and  chronic  suppuration,  chronic  thickening  and 
polypoid  degeneration  of  the  mucous  membrane,  causing  distension  of  the 
cavities  and  circulatory  disturbance.  In  neglected  cases,  caries  and  necrosis 
of  the  bony  walls  ensue.  The  serious  complications  are  abscess  of  the  orbit, 
basilar  meningitis,  intradural  and  extradural  abscess  and  thrombosis  of  the 
cavernous  sinus.  The  eye  is  affected  chiefly  through  the  optic  nerve.  The 
nerve  is  intimately  connected  with  the  cells  of  the  sphenoid  and  ethmoid, 
but  owing  to  wide  anatomic  variations,  the  relation  between  nerve  and 
sinuses  is  inconstant.  For  example,  the  nerve  may  be  separated  from  the 
sinuses  by  either  thick  or  thin  plates  of  bone:  sometimes  it  is  endosed 
within  the  sinus  walls  or  the  optic  canal  may  run  entirely  within  the  sphe- 
noidal or  ethmoidal  cells.  The  method  by  which  sinus  disease  affects  the 
optic  nerve  has  not  been  ascertained,  but  may  be  explained  either  by  pres- 
sure on  the  nerve,  pressure  on  the  nutrient  vessels,  local  edema  or  through 
the  action  of  toxins.  In  but  few  cases  has  infection  appeared  to  reach  the 
nerve  by  continuity.  Necrosis  and  Perforation  of  bone  are  not  essential 
to  extension  of  an  infectious  process  from  the  accessory  sinuses  to  the 
brain,  inasmuch  as  infection  can  be  conveyed  through  the  venous  anasto- 
moses  that  exist  between  the  mucous  membrane  and  dura  mater.  A 
neuritis  may  develop  from  secondary  disease  of  the  brain,  presenting 
Symptoms  which  vary  from  those  of  uncomplicated  nasal  disease.     In 
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most  cases  neurltis  is  unilateral  when  due  to  accessory  sintis  disease,  and 
bilateral  when  due  to  brain  disease. 

Symptoms.  Owing  to  the  dose  relationship  of  the  cavities  an  in- 
flammatory  process  often  is  diffuse;  special  Symptoms,  however,  may  in- 
dicate  localization  of  disease  in  certain  cavities. 

Acute  inflatnmation  of  the  atilrum  of  Highmore  may  be  attended  by 
paln  about  the  orbit,  lachrymation,  unilateral  purulent  discharge  from 
the  nose  and,  sometimcs,  disturbed  vision.  In  many  cases,  however, 
these  Symptoms  arc  but  sÜghtly  developed.  If  the  antnim  Js  occupied  by  a 
cyst  it  may  be  so  distended  as  to  encroach  upon  the  orbit  but  seldom  to 


the  antrum  is  occupied  by  fluid 
city  can  be  demonstrated  also 
pus  or  exudation  in  the  antrum 

by  severe  periodic,  morning 
and  infraorbital  nerves.  The 
ider  to  pressure.  Eventually, 
to  the  orbit,  usualty  the  Upper 
ransilluminator  and  X  ray  may 


the  same  extent  as  the  ocher  sinuses. 
or  tumors  it  does  not  transilluminate. 
by  means  of  the  X  ray.    Positive  ei 
is  obtained  by  puncfure. 

Frontal  Sinus  Disease  is 
headache  and  tenderness  of        si 
anterior  and  nasal  walls  nf 
some  part  of  the  sinus  w 
inner  angle.    As  i  n  antrum 
be  employed  to  discovcr  op- w. 

Disease  of  the  eihmo'id  :e  a  cystic  tumor  wbich,  unless 

>relieved  by  Operation,  may  op  ikin  and  form  a  chronic  fistula; 

or  it  may  perforate  into  the  orbit,  mc  uiuium  or  the  nasal  cavity.     Eye 
Symptoms  often  appear  in  disease  of  the  ethmoid. 

The  spheno'tdal  ceils  frequently  are  affected  with  the  ethmoidal. 

The  close  connection  of  the  optic  nerve  with  the  ethmoid  and  sphe- 
noid  in  morc  than  40  per  cent  of  posterior  sinus  inflammations  results  in 
Visual  disturbancc.  The  anatomic  Variation  of  these  structures,  however, 
is  so  great  that  eye  phenomena  are  of  little  value  in  localizing  the  seat  of 
disease,  except  that  in  posterior  Sinusitis  eye  disturbancc  is  very  common 
and  orbital  cellulitis  Is  rare,  while  in  frontal  sinus  disease  this  order  of 
frequcncy  is  reversed.  The  X  ray  is  employed  to  photograph  the  ac- 
cessory sinuses  and  when  skilfully  performed  the  skiagraphs  afford  val- 
uable  Information  regarding  the  presence  of  exudates  in  the  cells.  An 
occasional  early  Symptom  of  ainus  disease  is  edema  of  the  lids.  Fre- 
quently, thls  is  of  an  ephemeral,  recurrent  character.  It  may  consist  only 
of  slight  pufüness  most  marked  on  the  nasal  side  of  the  upper  lid,  or  the 
entire  lid  may  be  swollen.  Hard  or  soft  swelling  along  the  orbital  ring, 
due  to  a  low  grade  Periostitis,  Is  common  in  chronic  Sinusitis.     If  the 


OPnC  NEURITIS  AND  OPTIC  ATROPHY.  227 

distended  cells  encroach  upon  the  orbit,  the  eye  may  be  displaced  and  the 
patient  experience  diplopia.  Paralysis  of  the  extrinsic  ocular  muscles  may 
occur  in  both  acute  and  chronic  sinus  disease,  but  is  more  common  in  the 
acute  inflanunatory  type.  Pain  may  be  experienced  in  extreme  upward 
excursion  of  the  eye.  The  effect  of  nasal  sinus  disease  upon  the  optic 
nerve  is  of  the  greatest  value  in  determining  the  nature  of  obscure  cases. 
As  a  rule,  only  one  eye  is  affected.  Bilateral  affection  of  the  eyes,  espe- 
cially  sweUing  of  the  discs,  suggests  intracranial  complications.  Changes  in 
the  optic  disc  usually  are  not  marked.  They  consist  of  slight  marginal  ob- 
scuration  on  the  nasal  side,  fullness  of  the  veins  and  visible  perivascular 
lymph  Channels  on  and  near  the  nerve.  Even  these  alterations  are  present 
in  only  a  minority  of  cases.  Occasionally,  the  nerve  head  is  swollen  and 
a  mild  bulbar  neuritis  is  established.  The  subjective  Symptoms  indicate  a 
retrobulbär  neuritis.  Nearly  all  proved  cases  show  marked  contraction  of 
the  color  fields  which  may  interlace.  There  is  relative  central  scotoma 
for  colors  which  in  advanced  cases  may  become  an  absolute  scotoma.  The 
normal  blind  spot  is  enlarged.  The  field  for  form  is  seldom  contracted 
in  the  early  stages  (Fig.  147).  While  these  findings  are  applicable  to 
the  majority  of  cases,  the  most  varied  visual  phenomena  as  hemianopsia, 
ring  scotoma,  etc.,  may  develop.  Vision  may  be  slightly  reduced  or  it 
may  be  completely  abolished.  Unless  the  condition  is  promptly  relleved 
by  Operation  on  the  sinuses,  optic  atrophy  ensues. 

The  prognosis  as  regards  vision  depends,  in  a  measure,  upon  the 
degree  of  deterioration  that  exists  at  the  time  of  Operation,  but 
chiefly  upon  the  duration  of  the  process.  If  optic  atrophy  is  already 
established  the  outlook  is  unfavorable.  Harmon  Smith  got  the  best 
Visual  results  from  Operation  in  those  cases  where  the  sinuses  were  not 
markedly  diseased."^ 

Stereogram  65.  Right  eyeground  of  a  woman,  50  years  of  age. 
Since  an  attack  of  influenza  six  mönths  ago  she  has  suffered  from  head- 
ache.  The  right  eye  appears  normal.  Left  eye,  vision  20/100.  Visual 
fields  show  marked  contraction  for  red  and  green  with  normal  field  for  form 
(white).  There  is  mild  optic  neuritis.  The  disc  is  elevated  about  0.5 
mm.  (1.5  D.) ;  on  the  nasal  side  the  outline  is  obscure  and  the  adjacent 
retina  is  edematous.  On  and  near  the  disc  the  vessels  are  bordered  by 
white  lines  which  are  supposed  to  be  dilated  perivascular  sheaths.  All 
veins  are  somewhat  dilated  and  one,  the  superior  nasal,  is  quite  tortuous. 
The  arteries  are  straight. 

^Manhattan  Eye,  Ear  and  Throat  Hospital  Reports,  1912. 
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The  patient  was  referred  to  the  rhinologic  department  of  the  hospital 
where  a  diagnosis  was  made  of  posterior  accessory  sinus  disease.  Opera- 
tion by  Dr.  L.  Coffin  was  foUowed  by  relief  of  pain,  but  vision  did  not 
improve  and  when  last  seen  the  optic  nenre  was  atrophic. 

Diagnosis.  Moderate,  unilateral  swelling  of  the  optic  disc  should 
always  suggest  disease  of  the  accessory  nasal  sinuses.  Neuritis  of  nasal 
origin  is  further  distinguished  by  the  subjecdve  Symptoms  of  retrobulbär 
neuritis,  f.  e.^  relative  central  scotoma  for  colors  and  marked  contraction 
of  the  fields  for  red  and  green.  The  diagnosis  should  be  confirmed  by 
a  rhinologic  examination. 

The  Optic  Nerve  in  Cerebral  Sinus  Thrombosis.  Choked  disc 
and  optic  neuritis  are  common  events  in  mastoiditis  associated  with  sinus 
thrombosis  or  other  intracranial  complication.  Ruttin,  in  30  cases  of 
lateral  sinus  and  jugular  Operations  found  8  in  which  the  optic  nerve  was 
affected.  This  appears  to  be  a  high  percentage.  J.  D.  Richards  examined 
100  similar  cases  and  found  choked  discs  in  about  10  per  cent.  The 
papilledema  or  neuritis  is  bilateral  in  more  than  half  the  cases;  when 
unilateral  it  usually  occurs  on  the  same  side  as  the  Operation.  Probably, 
the  Proportion  of  bilateral  cases  would  be  increased  were  the  conditions 
which  produce  choked  disc  prolonged.  In  surgical  cases  the  period  at 
which  papilledema  develops  varies  from  two  days  to  three  months  after 
Operation  (Ruttin).  The  majority  of  cases  appear  to  be  simple  choked 
disc  due  to  heightened  intracranial  pressure  or  local  lymph  stasis  in  the 
nerve.  Others,  however,  present  the  Symptoms  of  focal  inflammation 
in  the  nerve  itself,  i.  ^.,  retrobulbär  or  intrabulbar  neuritis. 

The  mechanism  by  which  otitic  disease  produces  papilledema  has  not 
been  determined.  Many  regard  thrombosis  of  the  cavernous  sinus  as 
the  immediate  cause,  for  the  reason  that  frequently  it  is  associated  with 
choked  disc,  and  also  because  the  return  blood  from  the  eye  is  discharged 
into  this  sinus  by  the  Ophthalmie  vein.  As  a  matter  of  fact,  obstruction  in 
the  cavernous  sinus  does  not  permanently  affect  intraocular  circulation 
owing  to  the  free  anastomoses  which  the  Ophthalmie  vein  has  with  botK 
the  facial  and  pterygo-palatine  veins.  Moreover,  complete  obstruction 
of  the  retinal  venous  circulation  does  not  cause  choked  disc  but  does  cause 
retinal  **  apoplexy  "  (Stergm.  46).  Cavernous  sinus  thrombosis  can  exert 
no  direct  influence  upon  the  lymph  current  in  the  nerve  sheaths,  although  it 
may  cause  obstruction  by  inducing  coUateral  edema.  Uthoff  states  that 
one  half  the  cases  of  cavernous  sinus  thrombosis  show  no  changes  in  the 
nerve.     Bartels   states  that   a   postoperative   choked   disc  is  proof  that 
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thc  intracranial  spacc  has  bccn  diminished.  Undoubtcdly,  many  cascs 
arc  duc  to  heightened  intracranial  pressure  produced  by  cffusion  of 
serum.  Uthoff  considers  that  choked  disc  is  due  in  lateral  sinus 
thrombosis  to  widc  ramifications  of  the  clot  which  extend  into  thc 
vcins  from  thc  surfacc  causing  mcningeal  edema,  and  into  the  vena  Galcni, 
causing  hydrops  of  the  ventriclcs.  Bartels  likewise  considers  that  nearly 
all  cascs  of  postoperative  papilledema  depend  upon  serous  meningitis  and 
hydrocephalus  internus,  and  when  thc  edema  subsides  the  nerve  swcUing 
disappears.  He  does  not  regard  sepsis  alone  as  causative  and  cites  a  case 
which  dcvelopcd  sepsis,  nephritis  and  choked  disc.  The  choked  disc  soon 
disappeared,  while  the  other  conditions  persisted,  tcrminating  in  endocar- 
ditis  and  death.  Septic  thrombosis  which  extends  into  the  orbit  does  not 
always  produce  choked  disc,  as  shown  by  another  case  of  Bartels  in  which 
purulent  thrombosis  of  both  cavernous  sinuses  extended  into  the  orbits 
causing  bilateral  phlegmon,  but  the  optic  nerves  were  not  affected  until  late 
in  the  disease  when  pachymeningitis  and  high  brain  pressure  developed.  In 
this  case  both  cavernous  sinuses  were  absolutely  closed,  nevertheless  the 
retinal  vcins  were  not  congested,  showing  the  perfect  relief  which  the 
normal  venous  anastomoses  afford  the  ocular  circulation.  Another  similar 
case  showed  no  choked  disc,  although  a  clot  extended  far  into  the  Oph- 
thalmie vein.  Bartels  discusses  another  class  of  cascs  in  which  thc  wound 
progresses  favorably  and  no  intracranial  complications  arc  dcmonstrable, 
yet  thc  disc  bccomes  choked. 

Thc  dcvelopment  of  choked  disc  in  postoperative  thrombosis  does 
not  ncccssarily  mean  that  thc  general  condition  of  thc  paticnt  is  worsc, 
in  fact,  it  is  of  little  prognostic  import.  Thus,  it  may  indicatc  an  incrcasc 
in  intracranial  pressure  from  extension  of  an  abscess  or  from  simple 
edema.  In  other  cascs  neuritis  may  be  causcd  by  cither  local  inflammation 
of  thc  nerve,  extension  of  meningitis  to  thc  nerve  sheaths  or  obstruction 
of  thc  internal  optic  foramen  by  edema,  pus,  exudatcs,  etc. 

Intrabulbar  and  retrobulbär  neuritis  not  attributable  to  heightened 
intracranial  pressure  may  occur  in  postoperative  thrombosis.  In  such 
cascs  the  neuritis  is  to  be  attributed  to  complications.  The  following  cx- 
amplc  of  this  condition  occurred  in  the  car  servicc  of  Dr.  J.  F.  McKcrnon. 

Woman,  22  ycars  of  agc.  Right  postoperative  septic  thrombosis. 
The  lateral  sinus  was  opencd  and  thc  jugular  was  resected.  Ninetcen 
days  aftcr  Operation  meningitis  dcvelopcd.  Threc  days  later  she  becamc 
blind  with  widcly  dilatcd  pupils.  Thc  right  optic  nerve  gradually  becamc 
choked,  rcaching  an  clcvation  of  nearly  2  mm.    Vision  in  this  eye  bcgan 
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to  tmprove  before  the  nerve  swelling  reached  its  greatest  height.  The 
Icft  eye  remained  without  perception  of  light  for  fifty  days  yet  at  no  timc 
was  there  any  swelling  of  the  disc  or  congestion  of  the  retinal  veins. 
Both  nerves  subsequently  became  white,  although  vision  gradually  im- 
proved.  Figure  148  shows  the  concentric  contraction  of  the  visual  fields 
that  existed  nine  months  after  Operation. 

In  the  above  case  blindness  of  both  eyes  preceded  visible  nerve 
changes,  differing  from  papilledema,  which  does  not  cause  blindness  and 
in  which  swelling  of  the  nerve  antedates  whatever  visual  disturbance 
occurs.  The  nature  of  the  pathologic  process  can  only  be  inferred,  although 
the  development  of  choked  disc  in  the  right  eye  and  descending  atrophy 
in  the  left  indicate  a  retrobulbär  focus  of  inflammation  in  each  nerve, 
which  obstructed  the  lymph  current  in  one  (right)  but  not  in  the  other. 
There  is  little  doubt  that  the  conditions  were  produced  by  extension  of 
cerebral  meningitis  to  the  sheaths  of  the  nerves. 

In  postoperative  neuritis  the  picture  presented  by  the  swoUen  discs 
is  not  always  the  same.  The  great  majority  look  like  cases  of  simple 
obstructive  edema.  Occasionally,  however,  the  disc  presents  the  appear- 
ance  of  plastic,  exudative  inflammation  (intrabulbar  neuritis).  The  fol- 
lowing  is  a  type  of  such  cases. 

Stereogram  66.  Optic  Neuritis  in  Postoperative  Cerebral 
Sinus  Thrombosis.*  Woman  22  years  of  age.  Sinus  thrombosis  and 
meningitis  followed  Operation  on  the  right  mastoid.  Scven  days  after 
Operation  paresis  of  the  right  abducens  nerve  developed  and  an  ophthal- 
moscopic  cxamination  revcaled  swelling  of  both  optic  nerves.  The  height 
of  the  discs  at  no  time  exceeded  1  mm.  The  swollen  tissues  of  the  disc 
had  a  reddish,  congested  cast  and  around  the  nerve  were  patches  of 
very  dense,  white  exudate.    The  veins  were  moderately  congested. 

After  the  neuritis  subsided  the  nerves  became  very  white,  presenting 
a  strongly  marked  picture  of  postneuritic  atrophy. 

This  case  differed  from  simple  edema  of  the  disc  in  the  following 
respects:  the  disc  was  but  moderately  swollen  and  the  neuritis  continued 
only  three  weeks,  yet  postneuritic  atrophy  resulted  with  vision  of  20/40 
and  contracted  fields   (Fig.   149). 

In  the  great  majority  of  postoperative  cases  swelling  of  the  nerve 
is  due  to  simple  edema  and  the  prognosis  as  to  vision  is  good.     In  the 


♦From  the  ear  servicc  of  Dr.  J.  F.  McKcrnon,  Manhattan  Eye,  Ear  and  Throat 
Hospital. 
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rare  cases  presumably  due  to  inflammation  situated  in  the  nerve  or  nerve 
sheaths,  vision  may  be  impaired  but  docs  not  appear  to  be  pcrmanently 

destroyed. 
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Optic  Atrophy.  Ophthalmoscopically,  atrophy  of  the  optic  nerve 
is  separated  into  three  principal  typcs,  i.  e.,  simple  atrophy  in  which  the 
nerve  fibers  disappear  bya  purely  degenerative  process;  neuritk  or  post 
infiammatory  atrophy,  in  which  the  nerve  fibers  are  destroyed  as  the 
result  of  inflammation  or  congestion  involving  the  optic  disc^  and  retinitic 
atrophy,  in  which  destruction  of  the  nerve  fibers  is  secondary  to  retinitis. 

Simple  Optic  Atrophy.  In  simple  atrophy  destruction  of  the  nerve 
fibers  may  be  due  to  pressure,  injury,  remote  foci  of  disease  or  to  a 
general  disease  of  the  central  nervous  System.  The  best  example  of 
simple  atrophy  is  found  in  those  cases  where  the  nerve  has  been  severed 
or  destroyed  far  behind  the  eye  (Stergm.  25).  In  certain  grave  diseases 
of  the  nervous  System,  particularly  tabes  and  multiple  sclerosis,  optic 
atrophy  may  precede  by  years  development  of  other  Symptoms  of  the 
disease.  Inasmuch  as  these  cases  are  seen  early  by  the  ophthalmologist, 
it  behooves  him  to  be  familiär  with  the  prominent  Symptoms  of  the  under- 
lying  affection. 

Tabes.  Simple  optic  atrophy  (grey  atrophy)  most  frequcntly  is 
due  to  tabes  and  is  the  first  prominent  manifestation  of  that  disease  in, 
approximately,  20  per  cent  of  all  cases.  Both  eyes  always  are  aflected, 
but  in  one  atrophy  may  be  delayed.  An  optic  atrophy  is  recognized  as 
tabetic  by  two  Symptoms  frequently  present  in  the  early  stage;  these  are, 
( 1 )  the  Argyl-Robertson  pupillary  reaction  in  which  the  pupils  remain  im- 
mobile on  exposure  to  light  but  contract  in  the  acts  of  convergence  and 
accommodation ;  (2)  loss  of  patellar  tendon  reflex.  The  Argyl-Robertson 
pupil  is  diagnostic  of  cerebral  Syphilis,  usually  tabes  or  paresis. 

Other  ocular  Symptoms,  such  as  transitory  paralysis  of  an  extra- 
ocular  muscle  and,less  frequently,  contraction  or  dilation  of  the  pupils,  occur 
in  connection  with  tabes.  *     The  visual   fields  of  tabetic   atrophy   are 

*A  peculiarity  of  ocular  palsies  in  tabes  is  that  one  muscle  of  a  group  may  be  affected, 
also  that  the  paralysis  may  be  associated  with  loss  of  pupillary  li^^t  reflex.  Permanent 
paralysis  of  a  single  ocular  tnuscle  usually  is  syphilitic. 
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concentrically  contracted  (Figs.  150-151).  Central  scotoma  has  hitheito 
been  regarded  as  rare  in  tabes  but  Fuchs  thinks  it  is  not  infrequent.  It 
is  yet  a  qucst'ion  whcthcr  such  cascs  arc  uncomplicatcd  tabcs.  Contraction 
of  the  color  fields  kecps  pace  with  the  ficld  for  white  and  they  disappear 
in  Physiologie  sequencc,  first  grcen,  next  red  and  lastly  blue.  It  is  bclicvcd 
that,  when  tabcs  commcnccs  with  optic  atrophy,  developmcnt  of  inco- 
ordination  and  other  Symptoms  of  the  disease  is  delayed.  Certainly, 
in  our  clinics  it  is  common  for  paticnts  with  tabetic  atrophy  to  remain  under 
Observation  for  ycars  without  developlng  furthcr  Symptoms  of  tabes.  It 
appears,  however,  that  the  natural  course  of  tabcs  is  cxtrcmely  slow  and 
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degenerative.  The  nerve  fibers  fosc  tneir  myclin  sheaths,  become  varicose 
and  break  up,  differing  in  the  latter  respect  from  multiple  sclerosis,  in 
which  disease  the  continuity  of  nerve  fibers  is  not  destroyed.  In  the  late 
stage  of  tabetic  atrophy  the  nerve  consists  principally  of  neuroglia  and 
fibrous  conncctlve  tissue  (Fig.  152). 

It  is  stated  that  at  least  95  per  cent  of  tabetics  have  had  syphilis,  and 
tabes  is  generally  regarded  as  a  late  manlfestation  of  that  disease. 

In  searching  for  optic  atrophy  with  the  ophtha! moscope,  the  color  of 
the  disc  should  be  studicd  with  a  dim  light  inasmuch  as  a  dellcatc  red  tint 
tnay  exist  which  a  streng  light  would  penetrate  and  cause  the  nerve  to 
appear  white.  In  simple  optic  atrophy  the  disc  at  first  appears  pale,  espe- 
cially  on  the  temporal  slde;  the  pallor  slowly  extends  to  the  nasal  side  and 
in  course  of  timc  the  entire  disc  becomes  greyish  white.  The  disc  outline 
becomes  sharply  defined  and  the  adjacent  fundus  shows  no  (Usturbance. 
The  disc  may  be  depressed  but  the  edges  are  not  undermincd;  the  Physio- 
logie markings  of  the  lamina  cribrosa  become  very  distinct;  the  color  of  the 
disc  changes  to  a  grey  pr  bluish  white  and  the  small  vesseU  on  the  disc 
disappear  but  the  retinal  vessels  are  not  narrowed,  at  least  not  until  atrophy 
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is  far  advanced.    If  thc  retinal  artcrics  are  diminished  in  size,  atrophy  of 
the  nerve  is  progressing  rapidly. 

Stereogram  67.  Simple  Optic  Atrophy  in  Tabes  (Grey  Atro- 
phy). Lcft  fundus  oculi  of  a  man  agcd  51  ycars.  Both  cycs  affected. 
He  contracted  syphilis  twenty  years  ago,  for  which  hc  undcrwent  pro- 
longed  treatment  with  mcrcury.  Vision  has  becn  noticcably  failing  for 
the  past  five  ycars  and  now  is  20/100;  there  is  concentric  contraction  of 
the  Visual  fields  (Fig.  150) ;  the  pupils  do  not  react  to  light  but  contract 
when  the  patient  attempts  to  read  (Argyl-Robertson  reaction) ;  patellar 
tendon  reflcx  abolished;  no  ataxia.  Ophthalmoscopic  Picture:  Thc  optic 
discs  are  bluish  white  in  color,  regulär  in  outline,  sharply  defined  and 
slightly  depressed.  The  markings  of  the  lamina  cribrosa  are  very  distinct. 
There  is  no  disturbance  of  the  drcumpapillary  pigment.  Thc  retinal 
vcssels  are  normal  in  size  and  appearance. 

DiAGNOSis.  This  disc  presents  a  typical  picture  of  simple  atrophy. 
Postneuritic  atrophy  (Stergm.  69)  differs,  ophthalmoscopically,  in  that 
the  disc  is  a  dead  white,  the  markings  of  the  lamina  cribrosa  obscured,  the 
outline  of  the  disc  irregulär  and  the  retinal  vessels  narrowed.  In  retinitic 
optic  atrophy  (Stergms.  22-44-53)  as  distinguished  from  simple  atrophy, 
the  disc  has  a  dirty  yellowish  color,  the  cribriform  markings  are  obscured, 
the  retinal  vessels  are  greatly  narrowed  and  the  retina  is  degenerated. 
The  grey  atrophic  nerve  of  glaucoma  is  recognized  by  the  undermined 
edges  of  the  disc. 

While  simple  optic  atrophy  is  most  frequently  due  to  tabes,  it  occurs 
also  in  several  other  diseases  of  the  nervous  system  of  which  the  foUowing 
are  the  most  important. 

Multiple  Sclerosis.  In  multiple  sderosis  the  brain  and  cord  con- 
tain  widely  distributed  plaques  of  degeneration.  The  optic  nerve,  which 
is  a  Prolongation  of  the  brain,  is  affected  in  about  one  half  of  all  cases. 
Morphologically,  the  nerve  fibers  lose  their  myelin  sheaths,  but  the  axis 
cylinders,  though  naked,  do  not  break  up  as  in  tabes,  neither  is  their  con- 
ductivity  irrcvocably  dcstroyed.  The  lesions  are  irregularly  distributed  and 
any  of  the  optic  nerve  fibers  may  be  involvcd;  sometimes  only  thc  axial 
bündle  is  affected.  In  opticus  cascs  of  multiple  sclerosis  careful  examination 
usually  demonstrates  disease  of  both  nerves.  The  degeneration,  however, 
affects  the  two  nerves  so  unequally  that  the  atrophy  is  clinically  regarded 
as  unilateral  in  about  75  per  cent  of  thc  cascs.  This  is  in  marked  contrast 
to  tabetic  atrophy  which  always  is  bilateral,  thc  two  nerves  bcing  affected 
in  about  cqual  dcgrccs.  Exceptionally,  ncurltis  prcccdcs  atrophy,  but  thc 
majority  of  cascs  are  atrophic  from  thc  first.     Thc  ophthalmoscopic  pic- 


234  THE   FUNDUS  OCULI. 

ture  in  multiple  sclerosis  accords  with  the  anatomic  distribution  of  the 
plaques.  Thus,  the  nerve  may  show  atrophy  only  on  the  temporal  sidc  or  a* 
diffuse,  incomplete  blanching  may  exist,  but  the  blue,  sunken,  dead  disc 
of  tabes  is  seldom  seen.  The  visual  üelds  are  inconstant.  Minute,  mul- 
tiple central  scotomata  for  red  and  white  is  a  frequent  early  Symptom 
(Fig.  153).  Later,  extremely  irregulär  peripheral  narrowing  occurs. 
Annular  scotoma  may  develop.  In  some  cases  scotomata  may  develop 
without  visiblc  changes  in  the  nerve.  Frequently,  the  extrinsic  eye  muscles 
are  paralyzed,  the  paralysis  being  incomplete  and  subject  to  wide  fluctua- 
tions.  The  abducens  frequently  is  affected,  also  the  third  but  not  in  all 
its  branches.*  Paralysis  of  convergence  and  of  lateral  conjugate  move- 
ments  is  common.  A  Symptom  of  importance  is  nystagmus  which  appears 
when  the  eyes  are  iixed  on  an  object,  especially  at  one  side.  The  pupils 
may  be  sluggish  but  ncver  are  affected  with  myosis  or  with  the  Ärgyl- 
Robertson  reaction  as  in  tabes.  The  optic  nerve  may  be  attacked  years 
before  other  Symptoms  of  multiple  sclerosis  are  sufficiently  pronounced 
to  attract  attention. 

The  disease  usually  appears  between  the  fifteenth  and  thirtieth  years. 
It  IS  very  rare  after  thirty-five.  It  is  common  in  womcn  in  whom  the  fugi- 
tivc,  atypical  early  Symptoms  frequently  are  ascribed  to  hysteria.  In  both 
multiple  sclerosis  and  hysteria  uncontroUable,  causeless  laughter  is  common. 
Tremor  accompanies  all  voluntary  movements  (intention  tremor).  Other 
general  Symptoms  are  weakness  and  stiffness  in  the  legs,  vertigo,  apoplecti- 
form  attacks,  headache  and  disturbance  of  speech.  Sometimes  the  intelli- 
gence  suifers.  Multiple  sclerosis  does  not  lead  to  complete  blindness,  and 
it  is  characteristic  in  this  disease  for  the  ocular  Symptoms  to  subside  and 
temporary  recovery  ensue.  Temporal  bleaching  of  the  nerve  should  always 
suggest  multiple  sclerosis,  although  it  occurs  also  in  other  conditions 
such  as  toxic  amblyopia  and  cerebral  syphilis. 

Stereogram  68.  Simple  Optic  Atrophy  in  Multiple  ScLERosis.t 
Right  eyeground  of  a  woman  30  years  of  age  with  unilateral  optic  atrophy. 
For  the  past  four  years  she  has  been  affected  with  multiple  sclerosis. 
Cannot  walk  well;  has  difficulty  with  speech;  memory  is  very  poor;  volun- 
tary motions  excite  tremor;  has  had  transient  paralysis  of  the  external 
ocular  muscles;  nystagmus  develops  when  she  attempts  to  fix  a  close  object. 
Right  eye,  vision  is  20/70 :  irregulär,  concentric  contraction  of  the  visual 
field.    Left  eye,  vision  20/30:    Visual  field  shows  small,  scattered  central 


♦  Most   deplorable  rcsults   follow  muscle  cutting  in   unrecognized  multiple  sclerosis 
and  tabes.^ 

tPatient  was  seen  by  courtcsy  of  Dr.  Edwin  G.  Zabriskie. 


Fig-  153— Opiic  Atroiihy  of  T;ilie^.     Lille  Siaije.     The   [lisc  is  Cupped.     The  N'er 
sue  lias  Disappeared,  the   Nervt  c<ini,istinK  priiicipally  iif  N'eurDglia  and  Connetli 
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scotomata.  This  ncrvc  is  not  ophthalmoscopically  atrophic,  ncvcrthclcss, 
it  is  affected.  In  the  right  eye  the  temporal  side  of  the  disc  is  atrophic  and 
decidedly  grey  in  color  although  the  atrophy  is  not  sufllciently  advanced 
to  reveal  the  markings  of  the  lamina  cribrosa.  On  the  nasal  side  the  disc 
presents  a  normal  color.  The  outline  of  the  nerve  is  sharply  defined  and 
there  is  no  evidence  of  previous  disturbance  in  the  surrounding  fundus.  The 
retinal  vessels  are  normal  in  size  and  not  sclerosed. 

DiAGNOSis.  In  this  eye  the  ophthalmoscopic  diagnosis  of  simple 
atrophy  depends  upon  the  light  grey  color  and  sharp  outline  of  the  disc,  the 
healthy  surrounding  fundus  and  the  normal  retinal  vessels.  Limitation  of 
the  atrophy  to  one  eye,  and  especially  to  the  temporal  side  of  the  disc, 
strongly  suggests  multiple  sclerosis  as  the  underlying  cause. 

Paresis.  Paresis  is  a  degenerative  disease  of  the  nervous  System 
attended  by  progressive  loss  of  bodily  functions,  including  a  blunted  sense 
of  the  proprieties  and  mental  enfeeblement  terminating  in  profound  de- 
mentia. In  this  affectton  ocular  phenomena  are  common,  especially  ir- 
regularity  and  inequality  of  the  pupils,  and  less  frequently  the  Argyl-Rob- 
ertson  pupillary  reaction.  Optic  atrophy  is  frequent  in  uncomplicated 
paresis  and  in  cases  complicated  with  tabes.  It  may  appear  early  and 
occasionally  antedates  other  Symptoms. 

In  syringomyelia  both  choked  discs  and  optic  atrophy  have  been 
reported,  presumably  caused  by  pressure  of  a  distended  third  ventricle. 

Adiposity  with  optic  atrophy  usually  indicates  a  tumor  of  the  pituitary 
body  which  influences  body  growth. 

Hereditary  Optic  Atrophy  is  preceded  by  retrobulbär  neuritis,  but  the 
disc  presents  the  characteristics  of  simple  atrophy.  This  peculiar  disease 
attacks  only  the  males  of  an  affected  f amily,  but  is  transmitted  through  fe- 
males  who  themselves  escape  the  a(f ection.  As  a  rule  the  disease  develops 
during  puberty  or  early  manhood. 

In  lateral  sclerosis  of  the  cord  optic  atrophy  may  appear  and  present 
the  same  Symptoms  as  in  tabes. 

Optic  atrophy  may  be  associated  with  congenital  or  acquired  deform- 
ities  of  the  cranium.  In  most  of  these  cases  the  optic  foramen  has  been 
found  to  be  very  small,  but  it  is  uncertain  whether  the  atrophy  is  always 
due  to  narrowing  of  the  foramen  or  both  conditions  proceed  f rom  a  common 
cause.  Figurc  154  shows  a  girl  four  years  of  age  with  a  "  tower  skull." 
She  is  nearly  blind  from  progressive  optic  atrophy.  In  this  case  it  may  be 
assumed  that  the  exophthalmus  and  optic  atrophy  are  caused  by  pressure 
of  the  confined  brain  upon  the  bones  which  form  the  roof  of  the  orbit 
and  the  optic  foramen. 
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Extreme  optic  atrophy  follows  penelrating  wounds  of  thc  orbit  which 
fever  the  nerve  or  cause  hcmorrhagc  and  compression.  Frequcncly  a  blow 
on  the  edge  of  the  orbit  causes  a  fracture  which,  extending  through  the 
optic  foramen,  produccs  injury  and  atrophy  of  the  nerve  (Stcrgm.  25). 
.Inthese  cases  blindncssmay  cxist  for  weeks  bcfore  thc  nerve  becomcs  white. 
The  case»  reported  of  optic  atrophy  in  young  adults  associated  wlth  per- 
sistent watery  discharge  from  thc  nose,  probably  were  cases  of  kydro- 
cepkalus  inlernus.  Simple  optic  atrophy  has  bcen  attributed  to  a  great 
variety  of  diseases,  but  it  is  probable  that  in  most  of  them  atrophy  was  i 
preceded  by  papÜlitis. 
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condition  the  intervaginal  Space  is  hlica  with  exudates  and  thc  infiammatory 
processes  usually  extend  to  thc  optic  nerve.  Perineuritis  may  be  due  to 
Syphilis,  tuberculosis,  meningltis,  injuries,  Periostitis  of  the  orbit,  orbital 
absccss,  etc.  Inasmuch  as  the  intervaginal  Spaces  of  the  opöc  nerve  com- 
municate  directly  with  the  subdural  and  subarachnoid  spaces  of  the  brain, 
it  follows  that  heightened  intracranial  pressure  leads  to  distension  of  the 
nerve  sheath»  and  edema  of  the  nerve  head  (Fig.  139). 

Parenchymatous  inflammation  of  thc  optic  nerve  frequently  is  due 
to  Syphilis.  Gummatous  Infiltration  of  the  optic  tract  is  most  frequcnt  at 
the  chiasm,  but  any  portion  of  the  nerve  may  be  attackcd.  The  histologic 
changes  consist  of  cellular  infiltration  and  formation  of  granulation  tissuc. 
which  is  replaced  by  a  cicatrix.  In  other  cases  thc  tissucs  undcrgo  necrosis, 
but  in  either  cvent  the  nerve  fibcrs  are  dcstroyed  and  atrophy  rcsults. 

Severe  or  prolonged  swelling  of  the  intraocular  end  of  the  nerve,  of 
either  infiammatory  or  noninfiammatory  origin,  is  followed  by  atrophy, 
but  tissue  disturbance  is  greater  and  atrophy  occurs  earlier  in  the  Inflam* 
matory  type.  In  postneuritic  atrophy  the  nerve  fibers  perish  while  neuroglia 
and  newly  formed  connective  tissue  cover  the  disc  and  enwrap  the  vessels, 
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producing  an  ophthalmoscopic  picture  quite  different  from  that  of  simple 
atrophy.  In  neuritis  and  papilledema,  Infiltration  of  the  tissues  extends 
for  a  short  distance  beyond  the  nerve  into  the  adjacent  retina  and  choroid. 
Evidence  of  this  remains  after  the  subsidence  of  swelling,  in  the  form  of  cir- 
cumpapillary  atrophy  and  pigment  disturbance.  The  neuroglia  on  the  disc 
loses  its  transparency  and  this,  in  connection  with  newly  formed  connective 
tissue,  may  h^e  the  markings  of  the  lamina  and  fiU  all  depressions  on  the 
disc.  Neuritic  atrophy  foUows  a  State  of  either  passive  or  active  venous  en- 
gorgement,  and  the  veins  remain  tortuous  long  after  the  swelling  has 
subsided  and  the  disc  become  white.  Gradually,  however,  contraction  of 
the  new  tissue  in  the  nerve  constricts  and  narrows  the  retinal  vessels  which 
now  may  exhibit  degenerative  changes.  In  the  early  stage  of  neuritic 
atrophy  the  nerve  may  retain  a  reddish  grey  color  but,  when  the  scar  tissue 
is  organized  and  the  capillary  circulation  on  the  disc  abolished,  the  surface 
becomes  dead-white  and  the  outlines  sharply  defined.  The  disc  also  may 
appear  smaller  than  normal  and  irregulär  in  outline.  All  the  manifestations 
described  are  more  marked  after  inflammatory  neuritis  than  after 
papilledema. 

The  prognosis  depends  upon  the  amount  of  destruction  wrought  by 
preceding  inflammation  and  by  contraction  of  cicatricial  tissue  and,  as  a 
rule,  is  not  favorable.  Nevertheless,  it  is  better  than  in  tabetic  atrophy, 
which  is  progressive,  white  neuritic  atrophy,  once  established,  is  stationary 
unless  due  to  syphilis,  which  may  relapse  at  any  time. 

Stereogram  69.  Neuritic  Optic  Atrophy.  Right  eyeground  of 
a  woman  29  years  of  age.  Nine  years  ago  she  acquired  chancre  on  the  lip 
from  her  husband  and  was  treated  at  the  hospital  for  over  a  year.  Four 
years  later  she  was  ill  for  a  long  time  and  suffered  from  violent  headaches, 
vertigo  and  trouble  with  vision.  The  Wassermann  reaction  for  Syphilis  is 
positive.  Central  vision  is  20/50  in  each  eye.  There  is  concentric  con- 
traction of  the  Visual  fields.  The  ophthalmoscopic  picture  is  that  of 
postneuritic  optic  atrophy.  The  white  optic  disc  is  rendered  very  con- 
spicuous  by  contrast  with  the  surrounding  fundus.  Its  outlines  are  sharp 
but  slightly  irregulär.  The  circumpapillary  pigment  is  superabundant  and 
in  some  places  appears  to  have  been  pushed  away  from  the  nerve.  The 
disc  presents  a  smooth,  dense  surface  on  which  all  physiologic  depressions 
and  markings  are  obscured.  All  the  retinal  vessels  are  uniformly  con- 
tracted  and  the  smaller  branches  have  disappeared.  Some  of  the  arteries 
have  sderosed  walls,  as  shown  by  white  bordered  blood  columns. 

DiAGNOSis.  Neuritic  atrophy  is  ophthalmoscopically  distinguished  by 
a  very  white,  smooth  surface  of  the  nerve  as  compared  with  the  grey, 
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cribriform  disc  of  tabcs  or  the  ycllowish  disc  of  retimtic  atrophy.    In  tabetic  ■ 
atrophy  the  retinal  vessels  are  normal.    In  retinitic  atrophy  the  vascular  de- 
generation  is  greater  than  in  ncuritlc  atrophy. 

The  following  table  applies  only  to  typical  cases  of  optlc  atrophy : 


SIMPLE 
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CoMPRESSiON  OF  THE  Optic  Nerve  IN  Arteriosclerosis.  In  Cere- 
bral aiteriosderosis,  the  mechanical  pressure  of  diseased  arteries  upon  the 
optic  nerve  may  produce  either  optic  atrophy  or  neuritis. 

Liebrecht  designates  three  points  in  the  course  of  the  nerve  particularly 
subject  to  arterial  pressure.    These  are: 

( 1 )  At  the  inner  opening  of  the  optic  canal.  This  canal,  which  trans- 
mits  the  optic  nerve,  consists  of  a  bony  portion,  4  mm.  in  length,  and  a 
iibrous  portion  which  extends  into  the  cranial  cavity  for  a  distance  of  2  mm. 
The  floor  of  the  fibrous  extension  is  formed  in  part  by  the  carotid  artery, 
while  the  roof  is  covered  with  a  fold  of  dura,  the  free  edge  of  which  is 
tense  and  sharp.  Between  the  carotid  and  roof  lies  the  optic  nerve  which 
here  is  subjected  to  the  vigorous  pulsations  of  the  artery.  Under  normal 
conditions  this  creates  no  disturbance,  but  when  the  carotid  is  greatly 
dilated  and  sclerosed,  the  nerve  will  be  crushed  against  the  free,  sharp 
edge  of  the  roof. 

(2)  The  Ophthalmie  artery  leaves  the  cranial  cavity  through  the  optic 
canal,  wh6re  it  lies  below  and  to  the  outer  side  of  the  optic  nerve.  Marked 
distension  and  hardening  of  the  artery  within  the  narrow,  unyielding  walls 
of  this  canal  always  result  in  compression  and  deformity  of  the  nerve. 
According  to  Liebrecht  it  is  only  in  the  fibrous  portion  of  the  canal  that  the 
nerve  can  be  injured  by  pressure  of  the  artery;  because,  after  the  artery 
enters  the  bony  canal,  it  becomes  invested  with  a  dense  dural  sheath  which 
completely  isolates  it  from  the  nerve. 

(3)  Midway  between  the  inner  opening  of  the  optic  canal  and  the 
optic  chiasm  the  nerve  passes  between  the  carotid  and  anterior  cerebral 
arteries.  Should  these  two  vessels  become  sclerosed  they  will  exert  undue 
compression  on  the  nerve. 

In  addition,  sclerosis  and  aneurismal  dilation  of  the  carotids  or  the 
arteries  in  the  circle  of  Willis,  may  destroy  more  or  less  of  the  optic  nerves 
or  chiasm,  thereby  producing  some  of  the  various  forms  of  hemianopsia. 

Of  the  above  sites  of  arterial  pressure  upon  the  optic  nerve  the 
most  frequent  is  within  the  optic  canal.  Here,  the  pulsations  of  a  sclerosed 
Ophthalmie  artery  will  produce  a  deep  longitudinal  sulcus  upon  the  lower 
surface  of  the  nerve,  creating  the  condition  known  as  **  middle  furrow 
formation.''  In  case  the  artery  is  markedly  dilated  and  sclerosed,  the 
nerve  may  thus  be  split  into  two  lateral  parts  connected  above  only  by  a 
thin  bridge  of  tissue.  The  frequent  discovery  at  autopsies  of  these  furrows 
in  the  nerve  led  to  the  assumption  that  the  papillo-macular  bündle  of  fibers 
must  often  be  destroyed  in  this  manner  and  thus  produce  absolute  central 
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scotoma.  In  those  cascs,  however,  wherc  deep  furrows  or  evcn  Splitting 
of  the  nerve  have  becn  found  post-mortcra,  2  history  of  scotomata  during 
life  was  lacklng.  Ncvcrthcless,  in  most  of  the  cascs  examlned  by  Otto 
and  by  Liebrecht,  in  whicb  the  nerve  had  becn  subjectcd  to  extreme  pressure, 
microscopic  examination  showed  actual  atrophy  of  some  nerve  fibcr  bundles. 
These  findlngs,  if  accurate,  Icad  to  the  inevitable  concluslon  that  the  atro- 
phicd  nerve  fibcrs  must  have  bcen  reprcsented  in  the  retlna  by  blind  areas, 
even  though  functional  disturbancc  was  not  recognized  by  the  patlent.  On 
examining  the  visual  fields  of  8Ü  senile  subjects  for  Symptoms  of  pressure 
atrophy,  Ucbrecht  found  two  cascs  of  absolute  central  scotoma  and  two 
of  paracentrat  scotoma.        fi^rs 
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as  functional  disturbancc  long  preceaes  meaching  of  ihe  disc.  This 
duc  to  the  fact  that  the  point  of  pressure  on  the  nerve  is  situated  far  behind 
the  place  of  entrance  for  the  retinal  vessels  where  it  does  not  interferc 
with  the  circulation  and  nutritlon  of  the  disc.  Consequently,  there  will 
be  no  bleaching  of  the  nerve  until  the  defunct  tibers  have  becn  replaced 
by  connective  tissue.  In  these  cases  other  Symptoms  of  cerebral  arterio- 
sclerosis  may  be  present.  namely,  vertigo  on  sudden  movement  of  the  head 
or  eyes,  diffuse  headache,  irritable  disposttion,  fallure  of  memory,  hal- 
lucinations  of  vislon  and  even  dementia. 

The  most  meager  evidence  exists  that  complete  blindness  ever  Is 
due  to  pressure  of  sclerotlc  arterles  upon  the  optic  nerve.  These  so- 
called  nerves  are  prolongations  of  the  brain  and,  like  all  brain  tissue, 
will  endure  without  loss  of  function  an  enormous  degree  of  pressure  if 
gradually  applied.  It  is  very  doubtfui  if  "  middle  furrows"  In  the  optic 
nerve  cause  appreciable  visual  disturbance,  unless  due  to  extreme  and 
progressive  pressure  or  pressure  suddenly  exerted.  In  the  few  cases  of 
optic  atrophy  recc^nlzed  during  life  and  demonstrably  due  to  pressure 
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from  diseased  arteries,  the  anatomical  changes  were  of  the  coarsest  char- 
acter.  Thus,  Byron  Bramwell  described  a  case  of  temporal  hemianopsia 
with  pale  discs  which  terminated  in  blindness  and  mania.  Autopsy  dis- 
covered  an  enormous  aneurism  pressing  on  the  optic  nerves,  chiasm  and 
tracts. 

Rampoldi  reported  the  case  of  a  man  affected  with  headache,  poor 
memory,  optic  atrophy  and  very  low  vision.  Autopsy  showed  diffuse 
arterioscierosis  and  a  ruptured  aneurism  of  the  left  internal  carotid. 

Pechin-Rollin  observed  a  case  with  optic  atrophy  and  oculo-motor 
paralysis  of  the  right  eye  and,  in  the  left  eye,  ptosis  with  paralysis  of 
the  superior  rectus.  Post-mortem  examination  revealed  extreme  sclerosis 
of  the  carotid  and  Ophthalmie  arteries.  The  paralysis  was  attributed  to 
pressure  of  the  sderosed  carotid  upon  the  nerves  in  the  cavernous  sinus. 

The  histologic  changes  produced  in  the  optic  nerve  by  extreme  pres- 
sure of  the  Ophthalmie  artery  in  the  optic  canal  are  regarded  by  Bernheimer, 
Otto  and  Liebrecht  as  those  of  non-inflammatory  pressure  atrophy.  Cer- 
tain  nerve  fibers  lying  at  the  bottom  of  the  pressure  furrows  lose  their 
meduUary  sheaths  and  disappear.  From  this  point  an  ascending  and  de- 
scending  atrophy  of  the  affected  fibers  rapidly  ensues.  In  course  of  time 
new  blood  vessels  may  develop  and  be  foUowed  by  formation  of  connective 
tissue.  From  the  microscopic  examination  of  similar  cases,  Oppenheim  and 
Siemerling  conclude  that  a  retrobulbär  neuritis  is  excited  at  the  point  of 
pressure.  They  found  all  the  evidence  of  chronic  inflammation,  i.  e.,  cel- 
lular  proliferation,  increased  vascularity  and  new-formed  connective  tissue. 
All  microscopic  reports  which  describe  atrophic  nerve  fibers  and  interstitial 
sclerosis  situated  in  the  periphery  of  the  optic  nerve  should  be  regarded 
with  suspicion,  inasmuch  as  the  once  accepted  *^  peripheral  atrophy  "  is 
now  known  to  be  the  normal  formation  which  exists  in  all  optic  nerves, 
even  in  the  new-born. 

Instead  of  resulting  in  atrophy,  pressure  of  sclerotic  arteries  on  the 
nerve  may  cause  choked  disc.  In  1887  Michel  reported  a  case  of  double 
choked  discs  with  retention  of  normal  vision  and  füll  visual  fields.  The 
cause  was  shown  to  be  distension,  tortuosity  and  hardening  of  both  internal 
carotids  which  obstructed  the  outflow  of  l3miph  from  the  optic  canals, 
causing  edema  of  the  nerves  and  distension  of  their  sheaths.  Two  similar 
cases  were  reported  by  Stölting.  The  first  exhibited  choked  disc  in  one 
eye  and  a  dirty  red  nerve  head  in  the  other.  There  was  also  paresis  of 
both  abducens.  The  dinical  diagnosis  was  brain  tumor.  At  necropsy 
no  tumor  was  found,  but  there  was  extreme  sclerosis  of  the  cerebral 
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arteries.    The  second  case  resembled  the  first  induding  paralysis  of  the 
abducens,  but  no  anatomical  examination  was  secured. 

Stölting  calls  attention  to  the  foUowing  features  presented  by  these 
cases  which  may  prove  to  be  characteristic  of  cerebral  arteriosderosis : 

( 1 )  The  long  duration  of  the  afiection,  which  was  ten  years  in  one 
case  and  six  years  in  the  other. 

(2)  The  optic  neuritis  showed  no  tendency  to  pass  into  atrophy, 
which  would  not  be  the  course  pursued  by  a  neuritis  dependent  on  any 
other  chronic  disease. 

(3)  Paralysis  of  the  abducens,  probably  due  to  pressure  by  a  sde- 
rosed  carotid  on  the  sixth  nerve  within  the  cavernous  sinus. 

Among  the  above  Symptoms,  oculo-motor  paralysis  is  the  mc^st  char- 
acteristic of  cerebral  arteriosderosis  and  has  been  observed  in  several 
authentic  cases."^  The  sixth  nerve  in  passing  through  the  cavernous  sinus 
lies  in  contact  with  the  internal  carotid  and  is  the  one  most  frequently 
affected,  but  the  other  ocular  nerves  may  be  involved  if  the  artery  is 
greatly  distended.  In  a  case  reported  by  Ritter  there  was  complete  oph« 
thalmoplegia  of  the  left  eye,  due  to  aneurismal  dilation  and  rupture  of 
the  Ophthalmie  artery.  The  blood  dot  lay  partly  within  the  cranial  cavity, 
partly  In  the  apex  of  the  orbit. 

Optic  neuritis  due  to  arteriosderosis  is  not  necessarily  of  intra- 
cranial origln.  Sometimes  the  only  ocular  manifestation  of  arteriosderosis 
is  neuritis  due  to  disease  of  the  vessels  distributed  to  the  head  of  the  nerve 
which  here,  as  in  the  retina,  results  in  edema,  exudation  and  hemorrhage. 

The  ophthalmoscopic  picture  of  albuminuric  retinitis  has  been  ob- 
served in  uncomplicated  arteriosderosis.  In  such  cases  it  is  possible 
that  the  white  retinal  exudates  may  be  lymph  which  has  escaped  from 
the  perivascular  sheaths,  as  the  result  of  obstruction  within  the  cranial  cavity 
by  a  distended  internal  carotid.  Purtscher  describes  a  case  as  lymphor- 
rhagia  in  the  fundus  in  which,  foUowing  fracture  of  the  skull,  the  retina 
was  covered  with  white  exudates. 
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Chapter  XII. 
MYOPIA. 

In  the  myopic  eye,  parallel  rays  of  light  comc  to  a  focus  bcforc  thcy 
reach  the  retina,  thus  producing  a  blurred  Image.  In  the  vast  majority 
of  cases  this  is  due  to  elongation  of  the  posterior  half  of  the  eyeball  and 
is  termed  axial  myopia.  Other  exceptional  and  theoretical  causes  are: 
increased  curvature  of  the  Cornea  or  lens,  known  as  curvature  myopia; 
an  abnormally  high  index  in  the  refracting  media,  called  index  myopia: 
and  forward  displacement  of  the  lens. 

Axial  Myopia.  Despite  the  enormous  amount  of  research  work 
expended  upon  myopia,  neither  its  etiology  nor  pathology  has  been  satis- 
factorily  described. 

Etiology.  The  principal  reasons  which  have  been  advanced  to 
explain  myopic  elongation  of  the  globe  are : 

(1)  Subacute  inflammation  of  the  choroid  and  s der a  (sderocho- 
roiditis  posterior).  This  theory  is  no  longer  tenable,  the  microscope 
having  failed  to  show  evidence  of  primary  inflammation  except  in  cases 
of  Syphilis  in  adults.  The  hyperemia,  exudation  and  cicatrization  found 
in  ordinary  myopia  are  reparative  processes  which  foUow  stretching  and 
laceration  of  the  membranes.  Von  Graefe,  who  advanced  this  theory, 
subsequently  changed  bis  views. 

(2)  Near  fVork  which  requires  efforts  of  accommodation  and  con- 
vergence,  was  suggested  first  by  Kepler  as  the  cause  of  myopia.  Probably 
this  is  causative  only  in  eyes  predisposed  to  the  disease,  but  it  is  highly 
injurious  in  developed  cases.  A  spurious  myopia  due  to  spasmodic  con- 
traction  of  the  ciliary  muscle  may  occur  in  an  emmetropic  or  hyperopic 
eye.  Donders  showed  that  near  work  could  not  be  the  only  cause  of 
myopia,  inasmuch  as  the  highest  grades  may  be  found  among  the  illiterate 
and  those  who  do  no  close  work. 

(3)  Compression  of  the  Eye  by  the  Extrinsic  Muscles.  When 
it  was  established  that  myopia  was  attended  by  distortion  of  the  globe,  it 
was  at  once  suspected  that  action  of  the  extrinsic  muscles  was  causative, 
although  opinions  differed  as  to  the  mechanism  of  their  action.  Stilling 
considered  that  the  two  obliques,  which  enwrap  the  eye,  were  responsible, 
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whilc  Arlt  bclicvcd  that  muscular  pressure  on  thc  vortex  veins  produced 
congestion  which  resulted  in  distension.  Other  writers  have  considcred 
action  of  thc  internal  and  external  recti  as  sufficient  to  elongate  the  eye- 
ball.  Stilling  stated  that  when  the  roof  of  the  orbit  was  low  the  pulley 
of  the  superior  oblique  was  so  misplaced  that  this  muscle  exerted  undue 
pressure  upon  the  posterior  segment  of  the  eye,  and  his  measurements 
tended  to  prove  that  myopes  have  an  abnormally  low,  broad  orbit.  This 
theory  has  not  been  supported  by  the  anatomic  investigations  of  others. 
Muscular  compression  undoubtedly  injures  an  elongated  eye,  but  it  is 
improbable  that  it  could  change  the  form  of  a  normal  globe.  It  is  reason- 
able  to  suppose,  however,  that  the  oblique  musdes  influence  the  form  of 
a  distensible  sclera  and  determine  the  position  of  a  posterior  staphyloma. 

(4)  Short  Optic  Nerve.  According  to  this  theory  the  nerve  is 
too  short  and  pulls  upon  the  back  of  the  eye  when  the  posterior  pole  is 
rotated  outward  as  in  convergence  (Hasner,  Weiss).  Anatomic  investi- 
gations have  failed  to  establish  this  view. 

(5)  Congenital  fVeakness  of  the  Sclera  at  the  Posterior  Pole. 
Schnabel  says  that  congenital  anomalies  in  the  choroid  and  sclera  are  con- 
stant  in  the  posterior  staphyloma  of  Scarpa. 

(6)  Contr action  of  the  Ciliary  Muscle.  Thc  view  that  ciliary  spasm 
is  in  some  way  connected  with  the  development  of  low  myopia  pcrsists, 
although  it  is  inconccivable  that  the  form  of  the  globe  can  be  influ- 
enced  by  action  of  the  ciliary  muscle.  Spurious  myopia  due  to  con- 
traction  of  the  ciliary  muscle  often  appears  to  precede  the  development 
of  nonprogressive  myopia,  but  it  is  not  dear  what  relationship  exists 
between  the  two  conditions,  although  it  is  conceivable  that  commencing  elon- 
gation  of  the  globe  may  excite  ciliary  spasm. 

Little  is  known  regarding  the  influence  of  race  upon  myopia.  Parsons 
States  that  myopia  is  very  conmion  among  the  educated  natives  of  India. 
Stephenson  among  918  boys  and  231  girls  in  a  London  school,  found 
the  percentage  of  myopia  in  Jewish  boys  to  be  six  times  grcater  than 
among  the  others,  and  among  the  Jewish  girls  it  was  three  and  a  half 
times  greater.    Myopia  is  more  common  among  women  than  among  men. 

Myopia  appears  to  be  hereditary  but  to  what  extent  has  not  been 
determined.  Pflüger,  among  55  f amilies  in  which  one  or  both  parents 
werc  myopic,  found  that  71  per  ccnt  of  the  childrcn  had  myopia. 
Schneller,  among  1439  scholars  of  the  higher  schools  found  that  only 
37  per  cent  of  the  myopes  had  myopic  parents.  Myopia  is  very  rare 
in  new-born  infants. 
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Myopia  is  divided  into  two  classes  which  may  prove  to  be  distinct 
affections,  although  Schnabel  asserts  the  identity  of  all  forms  of  myopia. 
The  first  type  has  an  avcrage  ränge  of  from  2  to  8  dioptres.  It  develops 
coincidently  with  school  Üfe  and  bccomcs  stationary  about  the  18th  or 
20th  year.  This  is  the  myopia  of  adolesccncc,  known  also  as  nonpro- 
gressive— and  as  school  myopia.  The  second  type  is  known  as  pro- 
gressive or  pernidous  myopia  and  also,  from  its  serious  consequences,  as 
malignant  myopia. 

Stereogr\m  70.  NONPHOGRESSiVE  Myopia.  Right  eycground  of 
a  man  aged  30  ycars.  Bookkeeper.  '"=»'-  -  concave  lens  of  6.5  dioptres 
Vision  is  20/20.     His  refraction  has  nged  sincc  he  was  18  years 

of  age.     The  ophthalmoscopic  pict 


The  retinal  pipment  is  suflicli 
sels.     The  vertical  retinal  • 
ral  side  and  all  vessels  pui 
in  color.    On  the  temporal 
the  outer  border  of  which 
is  known  as  the  myopic  c» 

Dl.^CNOSis.  Myopia 
than  by  the  ophthalmoscoi 
retinal  vessels  in  this  fund 

By  the  direct  method  oi 


ractcristic  of  benign  myopia. 
o  rcveal  the  choroidal  vcs- 
•  inclined  toward  the  tempo- 
«.  The  optic  disc  is  normal 
;  by  a  white,  crescentic  hgure 
ne  of  pigment.     This  figure 

'  testing  the  refraction  rather 

tough  the  Conus  and  stralght 

ic. 

pic  examination  the  myopic 
fundus  is  poorlv  Üluminated  and  the  details  magnified.  If  the  myopia  is 
high,  a  direct  examination  is  difficult.  With  the  indirect  method,  how- 
ever,  the  picturc  becomes  very  brilliant  and  sharply  defincd. 

Anatomic  Ciianges.  The  myopic  crcscent  or  conus  shown  in  the 
preceding  stercogram  is  the  most  constant  ophthalmoscopic  feature  in 
myopia,  being  prcsent  in  about  70  per  cent  of  all  cases.  Conus  must  not 
be  confused  with  posterior  bulging  of  the  sclera  (staphyloma  of  Scarpa), 
which  is  a  distinct  condition,  While  conus  occurs  in  all  degrecs  of  myopia, 
posterior  staphyloma  is  not  to  be  expected  in  a  myopia  of  less  than  10  D. 
(Schnabel).  The  anatomy  and  signiticance  of  the  conus  are  subjectB  of 
discussion.  In  axial  myopia,  the  posterior  «gmcnt  of  the  sclera,  par- 
ticularly  the  temporal  side,  bulges  outward,  carrying  along  the  attadied 
choroid  and  widening  the  apcrture  through  which  the  nerve  enters  the 
eye.  At  one  time  it  was  acccpted  that  the  backward  excursion  of  the 
sclera  created  the  crescent  either  by  inducing  atrophy  of  the  choroid  or 
dragging  it  away  from  the  edge  of  the  disc.  This  view  has  been  opposed 
on  the  ground  that,  occasionally,  a  crescent,  or  what  looks  like  one,  is 


r 


l"in.  i:,5— Round,  or  Normally  Shape4J 


Fig.  156  — Posterior  Bulninj!  of 
Globc  in  Myopia.  caiising  its  sei-tn 
be  Ovat  in  Shaue, 
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Seen  in  enunetropic  or  hyperopic  eyes.  Furthermore,  it  is  said  that  in 
myopia  a  crescent  may  appear  at  any  point  around  the  disc  Stilling  con- 
siders  the  crescent  to  be  the  white,  inner  wall  of  the  sderal  canal  which 
is  exposed  because,  in  myopia,  the  nerve  is  drawn  obliquely  to  the  temporal 
side  and  the  sderal  foramen  enlarged.  Schnabel  states  that  the  crescent 
or  Conus  is  an  imperfect  development  of  the  choroid  and  tissues  around 
the  head  of  the  nerve,  in  fact,  a  slight  coloboma.  Despite  all  theories 
as  to  the  origin  of  the  myopic  crescent,  the  fact  remains  that  its  area  may 
be  enormously  increased  by  atrophy  of  the  choroid  along  its  border. 
The  prindpal  alteration  found  in  the  anterior  segment  of  a  myopic 
eye  occurs  in  the  dliary  musde  in  which  the  drcular  fibers  (MüUer's 
musde)  are  nearly  or  altogether  absent.  Müller's  musde  is  employed  in 
the  act  of  acconunodation,  but  as  accommodation  is  unnecessary  in  myopia 
it  is  supposed  that  the  fibers  atrophy  f  rom  disuse.  A  thin  poorly  developed 
dliary  musde  permits  the  iris  to  recede ;  consequently,  the  anterior  Chamber 
is  deeper  in  myopia  than  in  enunetropia.  Myopes  have  wtde  pupils,  the 
reason  for  which  is  not  altogether  dear;  presumably,  it  depends  cm  the 
relation  between  accommodation  and  pupiUary  contraction.  The  comea 
is  supposed  to  be  slightly  flattened  in  axial  myopia,  although  this  has  not 
been  definitely  determined.  The  fundamental  anatomic  alteration  in  axial 
myopia  is  thinning  and  distension  of  the  sdera.  In  1816,  Scarpa  described 
staphyloma  of  the  posterior  segment  of  the  eye,  but  it  was  Arlt  who 
first  recognized  its  connection  with  myopia.  Myopic  bulging  nearly  always 
occurs  within  a  cirde  the  center  of  which  is  at  the  outer  edge  of  the  optic 
disc  and  the  periphery  at  the  posterior  border  of  the  oblique  mus- 
des.  In  the  normal  eye  the  posterior  insertion  of  the  inferior  oblique 
is  about  4  nun.  from  the  optic  nerve;  in  myopic  eyes  with  posterior 
staphyloma  this  distance  may  be  increased  to  as  much  as  17  mm.  (Schna- 
bel). The  globe  is  thus  changed  from  a  rounded  (Fig.  155)  to  an  oval 
form  (Fig.  156).  In  the  normal  eye  the  sdera  increases  in  thiduiess  from 
the  equator  to  the  posterior  pole;  in  myopia  the  reverse  is  true,  and  the 
sdera  is  thinnest  posteriorly,  where  it  may  be  reduced  to  one-fourth  its 
normal  thickness  (Fig.  160).  In  extreme  cases  the  sdera  may  Stretch 
until  it  is  thinner  than  tissue  paper.  In  such  cases  local  areas  may  yield 
to  intraocular  pressure  and  form  abrupt  ectasiae,  constituting  the  staphy- 
loma verum  of  v.  Graefe  (Fig.  157).  These  ectasix  are  more  apt  to 
occur  on  the  nasal  than  temporal  side  of  the  nerve  and  may  be  recognized 
with  the  ophthalmoscope.  They  seldom  occur  in  eyes  with  less  than 
20  D.  of  myopia.    One  result  of  myopic  distension  is  to  draw  the  retina 
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and  choroid  toward  the  temporal  side  and  ovcr  thc  nasat  edge  of  (fic  nerve. 
In  high  degreca  of  myopia  the  rctina  may  thus  bc  draggcd  to  the  centcr 
of  thc  disc  {Fig.  1S8).  The  choroid  also  is  supertractcd  but  never  extends 
so  far  over  the  nerve  as  does  the  movablc  retina.  At  the  same  time 
traction  is  cxerted  on  the  scieral  canal,  cnlarging  the  apcrturc  on  the 
temporal  side.  In  the  choroid,  the  vesscis  atrophy  and  openings  form  in 
the  mcmbrane  which  arc  repaired  by  the  processcs  of  granulation  and 
cicatrization,  as  are  thc  Icsions  of  choroiditis.  The  pigmcnted  retinal 
epithclium  throughout  the  fundus  is  rareficd,  thus  exposing  the  choroidal 
vessels.  Where  the  choriocapilla'-'=  ^is  disappeared,  the  retinal  epi- 
thelium  perishcs  whilc  the  neighbi       g  cells  proliferatc  and  heap  up  pig- 


ment  (Flg.  IS9).     In  myopia  thc  | 
into  thc  inner  layers  of  the  retina  ai 
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fillcd  with  floating  opacitics.  Although  the  retina  is  not  attached  to  the 
choroid,  it  follows  the  latter  in  its  backward  excursion.  Sometimes,  how- 
ever,  a  fluid  vitreous  finds  its  way  bchind  the  retina  and  produces  incunible 
detachment.  See  detachment  of  thc  retina  (page  173).  Detachment  it 
particularly  to  be  feared  in  high  myopia,  although  thc  lower  grades  are  by 
no  means  cxempt,  particularly  if  subjected  to  Injury. 

Subrctinal  accumulations  of  fluid,  presumably  choroidal  effusions,  are 
found  in  myopic  eyes  at  points  where  the  choroid  is  destroyed.  Such 
fluid  appears  to  be  connected  with  the  processes  of  repair  rather  than 
with  detachment  of  the  retina  (Fig.  160). 

Progressive  Myopia.  The  tcrm  progressive  or  pernicious  myopia 
is  applied  to  thosc  cascs  whlch  are  not  arrestcd  on  completion  of  body 
growth,  thc  eye  condnuing  to  elongate  until  the  refraction  reachcs  20 
or  30  dioptres.  This  type  differs  from  the  adolescent  or  acquired  myopia 
in  that  it  develops  at  an  carllcr  age  and  may  occur  among  the  illiterate  and 
thosc  who  never  engage  in  close  work.  The  process  of  elongation  is 
more  rapid  and  the  pathologlc  changes  more  profound  than  in  the  non- 
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progressive  form.     In  pernicious  myopia  Visual  acuity  always  is  lowcrcd 
and,  frcquently,  useful  vision  is  lost  from  macular  lesions. 

STEREodRAM  71.  PROGRESSIVE  Myopia  (Pernicious  Myopia;  Ma- 
lignant  Myopia).  Right  cyeground  of  a  woman  aged  42  years:  Cook. 
The  right  eye  is  myopic  20.  D.;  the  left,  18.  D.  In  the  right  eye,  vision 
with  correction  is  20/200.  Cannot  remember  that  she  ever  saw  well. 
The  fundus  presents  the  ophthalmoscopic  picture  of  pernicious  myopia. 
The  retinal  pigment  has  mostly  disappeared,  leaving  the  choroidal  vessels 
exposed  throughout  the  entire  fundus.  The  retinal  vessels  which  normally 
pass  vertically  upward  and  downward  are  dragged  to  the  temporal  side 
and  straightened.  The  disc  is  surrounded  by  a  wide  white  ring  of  atrophic 
choroid  containing  a  few  specks  of  pigment  and  traces  of  choroidal 
vessels.  Evidently,  this  circumpapillary  ring  is  too  extensive  to  be  regarded 
as  only  a  congenital  crescent.  On  both  the  nasal  and  macular  sides  of 
the  nerve  are  several  atrophic  spots  or  cicatrices  bordered  by  pigment, 
identical  in  appearance  with  those  which  follow  the  eruption  of  exudative 
choroiditis.  The  pigment  proliferation  around  the  spots  in  this  fundus  is 
rather  exuberant  for  myopia.  The  softly  outlined  spots  in  the  upper 
iield  are  supposed  to  be  gaps  in  the  choroid  in  process  of  repair.  Several 
white  walled,  sclerosed  choroidal  vessels  are  seen  in  which  the  blood  column 
is  reduced  to  a  mere  thread.  Sclerosis  of  the  choroidal  vessels  is  most 
advanced  near  the  disc. 

DiAGNOSis.  The  differentiation  of  myopia  from  other  conditions 
depends,  of  course,  upon  the  refraction  of  the  eye.  It  must  not  be  for- 
gotten,  however,  that  choroiditis  from  constitutional  causes  may  occur  in 
a  myopic  eye  and  be  mistaken  for  a  manif estation  of  myopia.  The  choroidal 
lesions  of  myopia  are  comparatively  few  in  number  and  are  limited  to 
the  posterior  pole,  while  those  of  choroiditis  are  numerous  and  widely 
distributed,  but  favor  the  equatorial  region. 

CuRVATURE  Myopia.  Myopia  may  be  due  to  increased  curvature 
of  the  Cornea  or  surfaces  of  the  lens.  Clinically,  most  if  not  all  cases 
of  corneal  myopia  occur  in  the  diseased  condition  which  results  in  conical 
Cornea.  Likewise,  lenticular  curvature  myopia  usually  is  due  to  malfor- 
mation  or  disease  of  the  lens,  which  results  in  anterior  or  posterior  lenti- 
conus.  Relaxation  or  rupture  of  the  suspensory  ligament,  which  releases  the 
lens  and  permits  it  to  assume  a  spherical  shape  also  causes  myopia.  Under 
the  latter  conditions,  the  younger  the  subject  the  greater  will  be  the  incrcase 
in  lenticular  curvature.  Hess  has  observed  myopia  develop  in  phthisical 
eyes  also  in  iridocyditis,  probably  due  to  relaxation  of  the  zonula.     In 
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the  myopia  of  early  senile  and  diabetic  cataract,  it  is  possible  that  the 
curvature  of  the  lens  is  increased  (Parsons). 

Index  Myopia.  Theoretically,  myopia  may  be  due  to  increase  in 
the  ref  ractive  index  of  the  aqueous,  and  myopia  developing  in  iridocyditis, 
diabetes  and  jaundice  has  been  attributed  to  this  cause.  Experiments, 
however,  tend  to  disprove  that  the  index  of  the  aqueous  in  these  diseases  is 
ever  sufficiently  increased  to  cause  appreciable  change  in  the  refraction 
(Hess) .  Lenticular  index  myopia  is  common  in  commencing  senile  cataract 
and  may  amount  to  several  dioptres.  The  change  occurs  in  the  nudeus. 
Hirschberg  states  that  the  myopia  of  diabetes  is  due  to  index  changes 
in  the  lens  and  is  independent  of  cataract. 
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Chapter  XIII. 
GLAUCOMA. 

The  essential  element  of  glaucoma  is  increase  in  the  fluid  content 
of  the  e^obe,  causing  an  abnormal  rise  in  intraocular  pressure.  The 
normal  pressure  within  the  eye  which  produces  tonus  bulbi  or  tension,  is 
f rem  1 8  to  23  mm.  Hg.  above  that  of  the  atmosphere.  The  maintenance 
of  this  condition,  whidh  is  essential  to  the  integrity  of  the  eye,  is  largely 
dependent  upon  the  aqueous  humor.  The  aqueous  is  produced  by  the 
dltary  processes.  The  fluid  enters  flrst  the  posterior  Chamber,  then  passes 
through  the  pupil  into  the  anterior  Chamber.  From  the  anterior  Cham- 
ber the  excess  of  aqueous  escapes  into  the  general  circulation  by  filtering 
through  the  spaces  of  Fontana  into  Schlemm's  canal,  which  is  a  plexus  of 
vetns  in  the  periphery  of  the  Cornea  (Fig.  161).  As  these  drains  are 
sttuated  in  the  sinus  of  the  anterior  Chamber,  this  region  frequently  is 
calied  the  angle  of  filtraüon. 

The  tension  of  the  globe  being  dependent  upon  the  normal  pro- 
duction  and  escape  of  aqueous,  it  is  evident  that  any  obstade  to  its 
outflow  will  cause  excessive  accumulation  of  fluid  in  the  eye,  increase  intra- 
ocular pressure  and  establish  glaucoma.  If  high  intraocular  pressure 
develops  spontaneously  without  antecedent  eye  disease  or  other  apparent 
cause,  it  is  calied  primary  glaucoma;  on  the  other  band,  if  increased  tension 
is  due  to  evident  obstruction  to  the  aqueous  current  by  iritic  adhesions, 
displaced  lens,  etc.,  it  is  calied  secondary  glaucoma.  Primary  glaucoma 
attacks  both  eyes;  secondary  glaucoma  only  the  eye  which  has  been  pre- 
▼iously  aflected. 

Primary  Glaucoma.  This  form  of  glaucoma  occurs  in  those  who 
have  reached  or  passed  the  middle  period  of  life.  The  course  of  the 
disease  is  f airly  uniform  and  divided  into  four  stages  as  f ollows : 

(1)  Prodromal  Stage.  During  this  period  the  patient  is  subject 
to  transitory  attacks  of  heightened  intraocular  pressure  during  which  vision 
18  obscured,  usually  more  in  one  eye  than  the  other;  objects  seem  to  be 
enveloped  in  a  fog  and  the  light  of  a  lamp  appears  surrounded  by  a  rain- 
bow  colored  ring.  The  attack  is  attended  by  slight  headache  or  neuralgic 
pain  in  the  temple  or  along  the  side  of  the  nose.     On  inspection,  the 
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Cornea  is  found  to  be  slightly  douded  and  there  may  be  some  clrcum- 
corneal  injection.  The  anterior  Chamber  is  shallow.  The  pupil  is  mod- 
erately  dilated  and  sluggish  to  the  action  of  Itght.  Where  predisposition 
to  glaucoma  exists,  but  not  otherwise,  the  attadc  is  determined  by  anything 
which  causes  venous  congestion,  as  mental  distress,  depression  of  the  heart, 
dissipation,  loss  of  sieep,  constipation,  etc.  The  foggy  vision  and  halos 
around  lights  are  produced  by  the  *'  steamy ''  condition  of  the  Cornea. 
Prodromal  attacks  usually  occur  at  intervals  of  weeks.  They  con- 
tinue  for  several  hours,  but  always  subside  when  the  patient  sieeps,  if  not 
before.  Exceptionally,  the  attacks  occur  with  great  frequency,  sometimes 
every  morning  on  waking,  but  pass  away  in  the  aftemoon.  In  the  in- 
tervals the  eye  is  normal  except  that  the  power  of  acconunodation  is  weak- 
ened  and  presbyopia  develops  in  advance  of  the  patient's  age.  The  length 
of  the  prodromal  period  may  be  difficult  to  determine,  as  the  initial 
attacks  often  are  slight  and  may  pass  unnoticed.  The  usual  duration  is 
a  few  weeks  or  months.  It  may  be  prolonged  for  years,  in  which  case 
the  eye  gradually  passes  into  a  stage  of  subacute  or  chronic  glaucoma 
without  having  suffered  an  acute  inflanmiatory  attack. 

(2)  Glaucoma  Evolutum  (Acute  Inflanmiatory  Glaucoma;  Glau- 
comatous  Crlsis).  After  a  longer  or  shorter  prodromal  period,  the  eye 
suddenly  is  attacked  by  an  inflammatory  glaucoma  in  which  all  Symptoms 
of  the  prodromal  period  are  greatly  intensified.  These  seizures  are  desig- 
nated according  to  their  severity  as  subacute,  acute  and  fulminating  glau- 
coma. Typical  inflammatory  glaucoma  is  ushered  in  by  nausea,  vomiting, 
chilly  sensations  and  fever.  Excmciating  pains  develop  in  the  head  and 
eye,  often  radiating  through  the  ears  and  tceth.  Not  infrequently  the 
eye  Symptoms  are  so  overshadowed  by  the  intense  headache  as  to  escapcr 
Observation  and  the  disease  is  mistaken  for  migraine.  Eye  tension  is 
raised,  as  may  be  determined  by  palpation  with  the  fingers.  Vision 
rapidly  falls  and  may  be  reduced  to  perception  of  shadows.  The  intense 
congcstive  nature  of  the  disease  is  shown  by  the  external  appearance  of 
the  eye.  The  lids  are  edematous.  Intense  circumcorneal  injection  is 
soon  succeeded  by  bluish,  chcmotic  swelling  of  the  conjunctiva.  The  Cornea 
is  insensitive  to  the  touch  and  rapidly  becomes  opaque.  The  anterior  Cham- 
ber is  shallow.  The  iris  is  congested,  discolored,  and  the  periphcry  is 
pushed  forward.  The  pupil  is  dilated  and  immobile  to  light.  The 
pupillary  dilation  may  be  unequal,  in  which  case  the  pupil  is  oval  or  eccen- 
trically  situated.  If  seen  at  the  onset  of  the  attack  the  ophthalmoscope 
will  show  pulsation  in  the  retinal  arteries,  but  in  a  short  time  opacity  of 
the  Cornea  develops  and  prevents  a  view  of  the  fundus. 
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An  acute  glaucomatous  seizure  is  precipitated  by  the  same  influences 
as  induce  prodromal  attacks,  i.  e.,  anything  which  produces  congestion  of 
the  uveal  tract.  An  attack  may  be  due  to  local  causes  as  contusion  of  the 
head  or  sHght  injury  to  the  Cornea.  An  Operation  for  glaucoma  on  one 
eye  may  be  foUowed  by  acute  glaucoma  in  the  fellow  eye,  presumably  due 
to  mental  deprcssion  incident  to  Operation.  Dilation  of  the  pupil  thickens 
the  root  of  the  iris  and  crowds  it  into  the  angle,  thus  blocking  the  outflow 
of  aqueous;  therefore,  the  use  of  a  mydriatic,  especially  atropine,  will 
induce  an  attack  of  glaucoma  in  an  eye  predisposed  to  the  disease. 

An  attack  of  acute  glaucoma  continues  for  some  days  or  weeks, 
when  the  congestive  Symptoms  gradually  subside  and  the  eye  again  becomes 
comparatively  well;  the  conjunctival  redness  and  opacity  of  the  Cornea 
disappear  and  central  vision  usually  improves  enough  to  enable  the  patient 
to  read.  Inflammatory  glaucoma,  however,  always  leaves  traces  of  its 
presence.  The  vision  Is  never  quite  so  good  as  before  the  attack  and 
the  nasal  field  is  contracted.  The  anterior  ciliary  veins,  whtch  emerge 
through  the  sclera  near  the  Cornea,  remain  dilated;  the  anterior  Chamber 
is  not  of  normal  depth;  the  iris  is  thinned  and  slate  colored;  the  pupil 
dilated  and  sluggish;  the  eye  tension  is  continuously  above  normal.  Such 
an  eye  is  said  to  present  a  glaucomatous  aspect  {habitus  glaucomatosus) . 
When  the  Cornea  clears  sufficiently  to  permit  a  view  of  the  fundus,  the 
ophthalmoscope  shows  the  retinal  veins  somewhat  dilated  and  the  arteries 
of  normal  width  or  narrowcd.  If  arterial  pulsation  docs  not  exist  it  can  bc 
produced  by  slight  pressure  on  the  globe  or  by  use  of  a  mydriatic  (which, 
however,  should  never  be  employed  in  primary  glaucoma).  The  optic  disc 
is  cupped  and  the  vessels  are  transferred  to  the  nasal  side.  A  considerable 
period  of  time  may  elapse  before  another  attack  occurs,  during  which  the 
eye  remains  quiet.  Second  and  subsequent  attacks  do  not  diSer  from  the 
first,  except  that  they  are  apt  to  be  less  severe.  Explosions  of  the  disease 
recur  with  increasing  frequency,  each  of  which  destroys  some  of  the 
remaining  vision  until  at  last  the  eye  becomes  blind. 

(3)  Glaucoma  Absolutum.  In  this  stage  the  eye  is  hard  as  stone 
and  completely  blind.  The  amount  of  pain  varies;  it  may  be  absent  or  so 
severe  as  to  require  enucleation  of  the  eye.  The  cornca  is  transparent  but 
insensitive  to  the  touch.  The  sclera  is  thinned  and  transmits  the  bluc.  color 
of  the  underlying  uvea.  The  anterior  ciliary  veins  are  distended  and  tor- 
tuous.  The  lens  and  iris  are  advanced,  rendering  the  anterior  Chamber 
very  shallow.  The  pupil  is  dilated  and  reacts  slowly  or  not  at  all  to  light. 
The  iris  becomes  greatly  atrophied  and  transillumination  shows  holes  in 
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its  stroma.  With  the  ophthalmoscope  the  disc  is  seen  to  be  totally  exca- 
vated,  the  retina  atrophic  and  the  vessels  more  or  less  degenerated  Retinal 
hemorrhages  may  occur  and  are  to  be  regarded  as  an  extremely  unf  avorable 
Symptom.  This  stage  pursues  a  very  slow  course  and  may  cont'mue  for 
years  before  degeneration  is  well  established. 

(4)  Glaucoma  Degenerativum.  A  glaucomatous  eye  is  dassed  as 
degenerative  when  permanent  opacities  appear  in  the  Cornea  and  lens. 
In  the  Cornea  parenchymatous  opacities  develop,  while  vesides  and  hyaloid 
deposits  form  on  the  surface.  Opadty  of  the  lens  (Cataracta  glaucoma- 
tosa )  always  develops.  The  glaucomatous  cataract  is  swollen,  has  a  bluish- 
white  color  and  the  surf ace  presents  a  silk-like  luster  quite  different  f rom  the 
duU,  grey,  sectorform  opacity  of  senile  cataract.  In  glaucomatous  cataract 
the  eye  is  blind,  hence,  Operation  would  be  useless.  On  the  other  band, 
ordinary  senile  cataract  may  form  in  a  glaucomatous  eye  with  a  fair 
Visual  field,  in  which  case  extraction  may  be  perf ormed  with  great  benefit  to 
the  patient.  After  a  number  of  years  the  eye  may  atrophy  or  be  lost  f rom 
perforating  ulcer  of  the  Cornea.  Extensive  intraocular  hemorrhage,  spon- 
taneous  or  foUowing  slight  injury,  may  occur  and  necessitate  enudeation. 
Occasionally,  sudi  hemorrhage  may  cause  spontaneous  rupture  of  the  eye- 
ball.    I  have  microscopically  examined  one  such  case*  (Ftg  162). 

Glaucoma  Fulminans.  This  term  was  applied  by  Von  Graefe  to 
extremely  violent  cases  of  inflammatory  glaucoma  in  which  vtsion  is  per- 
manently  destroyed  in  a  few  hours  (Fig.  163). 

Chronic  or  Sub acute  Glaucoma.  These  terms  are  employed  to 
distinguish  those  cases  of  glaucoma  which  run  their  course  without  at  any 
time  manifesting  acute  congestive  or  inflammatory  Symptoms,  although 
the  eye  becomes  injected  and  painful. 

Simple  Glaucoma.  This  remarkable  type  of  glaucoma  is  char- 
acterized  by  almost  complete  absence  of  the  congestive  Symptoms  that 
occur  in  the  inflammatory  form  of  the  disease.  Von  Graefe  called  the 
condition  **  amaurosis  with  glaucomatous  excavation  of  the  optic  nerve." 
It  usually  occurs  in  middle  life  but  has  been  seen  in  the  young  and  also 
in  myopes,  who  are  almost  exempt  from  the  inflammatory  type.  Men 
and  women  are  affected  in  about  equal  numbers.  The  disease  always 
attacks  both  eyes,  but  it  often  is  more  advanced  in  one  than  in  the  other. 
Glaucoma  simplex  commences  insidiously,  without  pain  and  exhibits  little 
tendency  to  remissions  or  exacerbations.     Unless  arrested  by  treatment 


^From  the  service  of  Dr.  J.  W.  Ingalls,  Brooklyn  Eye  and  Ear  Hospital 
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tt  progresses  uninterruptedly  to  absolute  blindness.  The  eye  tension  is 
continuously  above  normal.  Schiötz,  using  bis  tonometer,  found  it  higher 
in  simple,  than  in  congestive  glaucoma.  It  is,  however,  subject  to  fluc- 
tuation ;  thus,  at  times  increased  tension  cannot  be  detected  with  the  iingers 
but  if  repeated  examinations  are  made  throughout  the  day  hypertension 
will  be  discovered.  The  external  appearance  of  the  eye  usually  is  normal, 
but  at  certain  times,  especially  if  anything  has  occurred  to  cause  uveal 
congestion,  the  cornea  will  be  slightly  clouded,  central  vision  a  little 
lowered  and  a  colored  halo  may  appear  around  lights,  as  occurs  in  the 
prodromal  stage  of  inflammatory  glaucoma. 

Central  vision  often  remains  suprisingly  good  until  late  in  the  disease, 
but  the  Visual  fields  undergo  great  contraction,  especially  on  the  nasal  side, 
although  sector-like  defects  and  other  variations  are  common.  Torpor 
retinae  often  exists,  and  a  field  which  in  a  bright  light  shows  little  con- 
traction will,  when  illumination  is  reduced,  present  marked  defects. 

The  relationship  of  simple  glaucoma  to  the  inflammatory  type  has 
been  a  subject  of  controversy  and  by  some  it  is  regarded  as  a  peculiar  form 
of  optic  atrophy.  The  identity  of  the  two  conditions,  however,  is  indicated 
by  the  fact  that  simple  glaucoma  may  pass  into  the  chronic  inflammatory 
type  or  an  acute  inflanunatory  attadc  may  supervene.  Moreover,  the  es- 
sential  feature  of  glaucoma — increased  tension — exists  in  both  types.  It 
is  probable  that,  in  glaucoma  simplex,  the  very  gradual  development  of  high 
intraocular  pressure,  enables  the  ocular  circulation  to  meet  the  new  con- 
ditions without  inducing  congestion. 

Hemorrhagic  Glaucoma.  The  term  "  hemorrhagic  glaucoma  "  is 
of  doubtful  Utility.  It  has  been  applied  to  a  variety  of  conditions  such 
as  secondary  glaucoma,  which  follows  intraocular  hemorrhage,  particu- 
larly,  hemorrhagic  retinitis ;  also  to  cases  of  simple  or  inflammatory  glau- 
coma occurring  in  a  subject  of  retinal  arteriosderosis  and,  hence,  par- 
ticularly  liable  to  intraocular  hemorrhage.  If  employed  at  all,  the  name 
''  hemorrhagic  glaucoma  "  should  be  limited  to  the  latter  dass  which 
really  are  cases  of  primary  glaucoma  that,  owing  to  the  condition  of  the 
blood  vessels,  possess  a  tendency  to  hemorrhage. 

OPHTHALMOSCOPIC  PiCTURE.  In  the  fundus,  the  distinguishing  fea- 
ture of  glaucoma  is  the  characteristic  excavation  of  the  optic  nerve.  Three 
types  of  optic  excavation  are  recognized: 

(1)  Physiologie  excavation,  which  is  confined  to  the  center  of  the 
disc  or,  if  it  touches  one  side,  the  margin  is  not  abrupt  (Stergms.  5-16-27- 
40).    The  lamina  cribrosa  is  in  its  normal  position. 
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(2)  Atrophie  excavatiott  consisting  of  a  shallow,  dish-like  excava- 
tion  of  the  cntire  disc  without  undermincd  or  abrupt  edges.     Thcre  ii  , 
no  recession  of  thc  lamina  cribrosa   (Stergm.  67). 

(3)  Glaucomalous  excavaiion  includes  che  entire  disc  and  thc  lamlru  i 
cribrosa  is  pushed  backward  (Stergms.  72-73).  Simple  glaucoma  afforda  | 
thc  best  opportunity  to  study  the  changes.  In  the  early  stage,  the  disc  I 
is  pale  and  excavation  commences  on  the  temporal  side  but  gradually  lo- 1 
dudes  the  entire  disc,    The  edges  of  a  glaucomatous  excavation  always  are  I 
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cases  all  the  vessels  degenerate.  Atrophy  of  the  retina  and  choroid  occurs 
in  glaucoma.  This  appears  first  around  the  disc  where,  in  addition  to  ex- 
ccssive  pressure,  the  nerve  fibers  are  subjectcd  to  traction  by  recession  of 
the  nerve.  This  chorloretlnal  atrophy,  known  as  the  glaucomatous  ring, 
forms  a  narrow,  light  colored  border  around  the  nerve,  gradually  increaung 
in  width  as  the  disease  advances.  The  vessels  usually  follow  the  contour 
of  the  excavation,  and  when  thc  latter  is  undermined  thcy  dip  over  the 
brim  and  are  lost  to  view  until  thcy  reappear  on  tbe  fioor  of  the  depression. 
In  some  cases  the  veins  cling  to  the  walls  of  the  cup,  but  the  arteries  retam 
their  normal  positions,  while  the  nerve  tissue  falls  away  from  them. 

Strbeogram  72.  Simple  Glaucoma.  Total  Excavation  of 
Disc.  Lcft  eycground  of  a  man,  52  years  of  age.  Vision  ha»  been  grad- 
ually dcteriorating  for  the  past  tcn  years.  Left  eye  has  become  totally 
blind.  Right  eye,  centrat  vision  is  20/100.  The  visual  field  is  contracted, 
especially  on  the  nasal  side  {Fig.  164).  The  eyes  have  never  been  painful. 
Urine  normal.  Blood  pressure  155  mm.  Hg.  Schiötz  tonometer  re- 
corded  the  intraocular  pressure  as  80  mm.  Hg.  The  anterior  chamber 
is  shallow;  pupil  düated  and  very  sluggish;  Cornea,  lens  and  vitreous  are 
transparent.     The  disc  is  depressed  about  1  mm.    (3.  D.)   and  presents 
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the  greenish-grey  color  of  optic  atrophy.  A  wide  glaucomatous  ring 
surrounds  the  excavation.  The  retinal  veins  are  overfull  and  tortuous. 
The  arteries  are  narrowed  and  many  of  the  smaller  branches  have  atro- 
phied  One  artery  on  the  nasal  aide  crosses  the  opening  of  the  pit  without 
sinking  until  it  passes  under  the  excavated  edge.  Another  small  artery 
on  the  temporal  side  emerges  from  the  disc,  forms  a  loop  and  retums 
into  the  excavation.  This  is  regarded  as  an  example  of  the  congenital 
anomaly  known  as  an  opticociliary  vessel.  On  the  floor  of  the  excavation 
are  two  small  veins  containing  short  dilations  (Phlebectasiae).'*'  Very 
slight  pressure  on  the  globe  produces  pulsation  in  both  arteries  and  veins. 
Although,  in  conformity  with  usage,  the  term  '*  inflanmiatory  "  glau- 
coma  has  been  retained  in  this  treatise,  the  name  is  misleading  inasmuch 
as  the  attadc  does  not  originate  in  an  inflanmiatory  process  but  is  a 
violent  congestion  or  Strangulation  of  the  tissues  due  to  sudden  increase  in 
intraocular  pressure.  The  noninflanunatory  nature  of  a  glaucomatous 
seizure  is  indicated  by  its  sudden  onset  and  by  its  subsidence  when  pres- 
sure is  relieved  by  iridectomy  or  other  measures.  It  is  generally  conceded 
that  increased  tension  is  due  to  some  obstade  to  the  outflow  of  aqueous, 
but  in  primary  glaucoma  it  has  not  been  definitely  determined  how  this 
originates.  If  the  filtration  angle  in  the  anterior  Chamber  is  free  and 
unobstructed  and  the  aqueous  normal,  glaucoma  cannot  occur.  On  the  other 
band,  obstruction  in  this  filtration  System  immediately  raises  intraocular 
pressure.  Therefore,  it  is  logical  to  assume  that  glaucoma  is  due  to 
blocking  these  drains,  and  practical  investigators  have  endeavored 
to  demonstrate  how  this  occurs.  Obstruction  most  frequently  is  due  to 
approximation  of  the  periphery  of  the  iris  to  the  comea,  and  in  old  cases 
it  becomes  permanently  fixed  in  this  position  (Figs.  165-166).  In  height- 
ened  tension  secondary  to  cyditis  or  to  retinitis  hemorrhagica,  the  obstacle 
to  filtration  occurs  at  Fontana's  Spaces  and  accumulation  of  fluid  in  the 
anterior  chamber  pushes  the  iris  backward  and  deepens  the  Chamber  ( Fig. 
102).  Primary  glaucoma,  on  the  contrary,  conunences  by  advancement 
of  the  iris.  Therefore,  the  primary  cause  of  obstruction  is  whatever  has 
advanced  the  iris,  and  it  is  evident  that  this  must  be  sought  for  behind 
the  anterior  Chamber.  The  following  observations  of  Priestly  Smith  are  of 
great  value  and  provide  a  satisfactory  explanation  for  the  majority  of 
typical  cases  of  primary  glaucoma.    Although  the  eye  as  a  whole  ceases 


*For  fmipose  of  illustration.  details  at  the  bottom  of  the  excavation  have  been  drawn 
with  freater  distinctness  than  tney  possess  when  the  retinal  vessels  are  ophthalmoscop- 
ically  in  foctst. 
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to  enUrge  after  adult  life,  the  growth  of  thc  lens  contmues,  so  that  at 
the  age  of  6S  the  lens  is  onc-third  larger  than  at  25.  Consequcntly,  in 
course  of  time  the  lens  becomes  too  large  for  the  eyeball.  The  space 
required  to  accommodate  the  enlarged  lens  is  taken  from  the  anterior 
Chamber  by  advandng  the  root  of  the  iris  and  ciliary  processes.  This 
explains  the  way  in  which  the  shallow  Chamber  of  old  age  is  produced. 
I£,  as  in  hypermetropia,  the  eye  is  below  the  normal  sizc,  the  continued 
growth  of  the  lens  advances  the  periphcry  of  the  iris  beyond  the  limit  of 
safety.  In  such  cycs  swelling  of  the  ciliary  processes  or  dilation  of  thc 
pupil  may  push  the  iris  forward  in  rnnfarf  with  thc  posterior  surface  of 
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production  of  glaucoma.  In  the  normal  eye  tension  is  kept  constant  by 
the  aqueous  which  is  regarded  as  a  filtratc  from  the  vessels.  hence,  intra- 
ocular  pressure  can  never  exceed  the  blood  pressure  in  the  capillarles. 
otherwisc,  aqueous  would  no  longer  be  produced.  Parsons  says  of  thc 
normal  eye,  "  It  is  most  Ükely  that  this  has  the  highest  capillary  pressure 
of  any  organ  of  the  human  body  when  at  rest."  To  what  exteot  local 
capillary  pressure  varies  in  glaucoma  has  not  been  determined.  It  has 
been  experlmentally  demonstrated,  however,  that  intraocular  pressure 
is  raised  by  anything  which  incrcases  local  or  generat  blood  pressure  in 
either  the  arteries  or  vcins.  Vascular  constriction  in  distant  parts  also 
increases  intraocular  pressure,  thus,  Stimulation  of  the  abdominal  vaso- 
constrictors  drives  the  blood  into  the  pcnpheral  vessels  and  a  rapid  nse  of 
eye  tension  follows.  On  the  other  hand,  section  of  the  spinal  cord  in  the 
cervical  regions  cuts  off  the  abdominal  vasoconstrictors,  and  the  accumula- 
tion  of  blood  in  thc  great  abdominal  vessels  which  follows  causes  a  decided 
fall  in  the  tension  of  the  eye.  Under  normal  conditins  these  varlations  in 
eye  tension  are  compensated  by  changes  m  the  rate  df  filtration,  but  in 


Fig.  1  BS — Glaucoma  of 
l.onB  SlandinK.  TUc  Root 
of  llie  Iris  has  become 
Pernianenlly  Adherem  lo 
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rowing  ihe  Filtration  Angl 
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those  suffering  from  vaacular  degenerations  it  is  possible  that  the  equilib- 
rium  between  the  arterial  and  venous  Systems  of  the  eye  Is  sufEciently 
disturbed  to  interfere  with  circulatton  in  the  venous  System  of  Schlemm, 
which  drains  the  eye.  Whatever  influenae  these  factors  have  in  creating 
a  predisposition  to  glaucoma  is  still  undetermined. 

Changes  in  the  composition  of  the  aqueous  may  retard  filtration.  In 
the  experiments  of  Priestly  Smith,  blood  serum  or  ascetic  fluid  passed  very 
slowly  from  the  anterior  Chamber.  The  influence  of  altered  aqueous  upon 
eye  tension  is  clinically  observed  in  subacute  cyditis,  in  which  the  aqueous  is 
highly  albuminous  and  loaded  with  leucocytes.  Inasmuch  as  the  spaces  of 
Fontana  are  filled  with  leucocytes  and  albuminous  aqueous  is  filtered  with 
difliculty,  intraocular  pressure  rises.  In  these  cases  the  anterior  Chamber 
is  deeper  than  normal  and  the  angle  of  filtration  is  widened.  In  cyclitis 
tension  does  not  rise  to  the  same  height  as  in  congestive  glaucoma,  and 
only  in  chromc,  long  protracted  cases  do  the  deleterious  effects  of  high 
pressure  ensue. 

Pathologists  who  examine  many  eyes  occasionally  encounter  cases  of 
glaucoma  in  which  the  filtration  angle  is  open  and  the  anterior  Chamber 
deepened.  Von  Hippel  published  such  a  case  in  which  the  trabeculs  of 
the  pectinate  were  thickened  and  the  spaces  filled  with  pigment.  Baques, 
in  a  somewhat  similar  case  following  hemorrhagic  retinitis,  concluded 
that  the  hemorrhages  in  the  retina  and  consequent  destruction  of  retinal 
tissue,  produced  irritating  chemical  substances  which  acted  upon  the  tra- 
beculx  of  the  pectinate  ligament,  causing  tissue  proliferation  which  closed 
the  Spaces.    A  case  of  this  kind  is  described  on  page  154. 

Theoretically,  effusions  into  the  vitreous  which  increase  its  volume 
should  advance  the  lens  and  iris  and  produce  glaucoma.  This  may  occur 
in  intravitreous  bleeding  if  the  hemorrhage  is  sudden  and  fiUs  the  eye. 
The  vitreous,  however,  appears  to  accommodate  its  volume  to  the  space  at 
its  disposal  and  the  mere  presence  of  considerable  extraneous  matter 
does  not  raise  the  tension  unless  the  composition  of  the  aqueous  is  so 
changed  as  to  render  its  filtration  diflicult.  Increase  in  the  volume  of  the 
vitreous  due  to  obstructions  of  fluids  or  to  pathologic  changes  is  regarded 
by  some  as  a  cause  of  glaucoma,  but  how  this  occurs  remains  to  be 
demonstrated.  If  pressure  in  the  vitreous  exceeds  that  in  the  anterior 
Chamber  by  as  much  as  1  mm.  Hg.  the  iris  is  forced  against  the  Cornea 
and  the  anterior  Chamber  is  obliterated. 

The  etiological  importance  of  choroidal  congestion  in  glaucoma  has, 
undoubtedly,  been  overrated.     It  will  affect  intraocular  pressure  if  ex- 
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cessive  and  suddetity  developed.  Thus,  after  ügature  of  all  the  vens 
vorticosx  eye  tension  rlses  to  twtce  its  normal  height,  but  the  rise  is 
comparatively  slight  whcn  but  two  or  three  of  the  veins  are  ticd.  After 
the  first  abrupt  rise  tension  commences  to  declme  and  in  a  few  weeks 
becomes  normal,  probably  owing  to  devclopment  of  collateral  anastomoses. 
The  changes  which  follow  ligation  of  the  vortJcose  veins  consist  of  intense 
congestion,  transudation  of  highJy  albuminous  lymph,  opacity  of  the  vit- 
reous  and  cataract. 

A  thcory  has  been  advanced  by  Henderson  that  primary  glaucoma 


is  due  to  fibrosis  of  the  trabeculse  ar  ^ 
This  theory  may  apply  to  cases  in  ' 
as  always  is  the  case  when  the  obsti 

Other  theorics  held  to  expis 
eiCcessive  seroiis  exudat  < 

pressure  in  the  vitreous,  ' 

thereby  obstructlng  the  oi 
in  the  lymph  Channels  ab 
can  influence  eye  tension 
Is  free  and  unobstructed 
on  the  vitreous.  Nervi 
of  glaucoma.  Eye  tcnsii 
or  Inhibition  of  nerves,  but  as  im»  i 
ing  rise  and  fall  in  local  blood  pressure  i 


e  of  the  Spaces  in  the  pectinate. 
anterior  chamber  is  deepened, 
iginates  in  the  filtration  Spaces. 
'  glaucoma  are  choroiditis  wlth 
cyclitis;  variations  in  osmotic 
le  sclerotlc  around  the  nerve, 
:  is  improbable  that  obstruction 
and  around  the  vcns  vorticosx 
;  through  the  anterior  chamber 
Dsurc  may  cxert  some  influence 
gested  by  Donders  as  a  cause 
»ised  and  lowered  by  irritation 
accompanied  by  a  correspond- 
lay  be  regarded  as  a  compen- 


satory  process.  High  blood  pressure  is  unfavorable  in  glaucoma,  but 
the  influence  of  arteriosclerosis  upon  the  devclopment  of  glaucoma  has 
not  been  determined.  It  appears  reasonable  that  obstruction  might  arise 
from  vascular  degeneration  in  the  efFerent  vessels  which  drain  the  anterior 
Chamber.  Von  Graefe  first  callcd  attention  to  the  influence  of  heredity 
in  glaucoma  and  pointed  out  the  curious  fact  that  in  hereditary  glaucoma 
there  is  a  marked  tendency  for  the  disease  to  anticipate,  i.  e.,  to  appear 
in  a  descendant  at  an  earlier  age  than  in  the  ancestor.  Thus,  the  pro- 
dromata  which  appeared  in  a  grandparent  at  60  appear  in  a  granddiild 
at  30  or  40.  Hereditary  glaucoma  usually,  but  not  invariably,  !s  ezcee<j- 
ingly  chronic  in  its  course.  Amot^  the  constitutional  conditions  niiidt 
favor  the  devclopment  of  glaucoma  gout  i>  most  prominent. 

Secondary  Glaucoma.  The  course  of  the  aqueous  between  the 
ciliary  processcs  and  pectinate  ligament  may  be  mechanically  obstructed  by 
varlous  conditions.  The  most  common  are  the  several  forms  of  iritic  ad- 
hewons.     If  the  exudate  in  Iritis  is  markedly  Bbrinous  it  adheres  to  the 


—Epithelial  Cyst  Formation.    Conlinuity  o(  Ingrowing  Epithelium  has  been    , 
cif  Conieal  Wounil  IsolatinR  Cdls  in  Iris.     S,  surface  epithelium^ 
arkinK  lint  of  perforalion;    E,  epithelial  cysi  in  iris;    I,  iris 
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anterior  surface  of  the  ins  and  sometimes  also  to  tfie  anterior  surf ace  of  the 
lens.  In  the  latter  case  a  membrane  which  closes  the  pupil  may  organize 
{occlusio  pupilUt)  (Flg.  168).  This  condition  produces  glaucoma  in  which 
the  iris  and  sometimes  also  the  lens  are  carried  forward  against  the  Cornea. 

The  pupillary  margin  of  the  iris  may  be  adherent  to  the  anterior 
surface  of  the  lens  {posterior  annular  synechia) .  The  aqueous  being  unable 
to  pass  through  the  pupil  into  the  anterior  Chamber  causes  the  iris  to 
bulge  forward  produdng  the  condition  known  as  inj  bombe  (Fig.  169). 

In  total  posterior  synechia  broad,  flat  adhesions  exist  between  the 
lens  and  iris.  The  lens  usually  is  advanced  against  the  Cornea  by  the  pres- 
sure in  the  posterior  Chambers  of  the  eye  (Figs.  170-171). 

Total  anterior  synechia  usually  foUows  a  perforating  wound  or  ulcer 
of  the  Cornea.  With  occurrence  of  Perforation  the  aqueous  escapes,  so  that 
the  iris  falls  in  contact  with  the  posterior  surface  of  the  Cornea  and  the 
anterior  Chamber  disappears.  Under  favorable  conditions  the  Perforation 
closes  and  the  anterior  Chamber  is  restored,  new  aqueous  being  elaborated. 
Usually,  however,  more  or  less  extensive  adhesions  occur  between  the 
iris  and  comea.  If  the  pupil  is  included  in  the  adhesion,  secondary  glau- 
coma and  bulging  of  the  Cornea  (staphyloma)  foUow.  The  Protrusion 
may  involve  either  the  whole  or  only  a  part  of  the  comea  (Fig.  172). 
In  every  instance  the  protruded  portion  is  composed  of  opaque  cicatricial 
tissue  which  develops  from  the  iris.  Sometimes  the  lens  is  swept  into  a 
corneal  Perforation  and  remains  to  block  the  pupil  (Fig.  173). 

After  perforating  wounds  of  the  Cornea,  the  corneal  epithelium  may 
proliferate  along  the  wound  into  the  iris  and  form  a  cyst  (Fig.  174),  or 
it  may  line  the  anterior  Chamber  induding  the  pectinate  ligament  (Figs. 
175-176).  In  either  event  the  angle  of  filtration  becomes  blocked  and 
secondary  glaucoma  develops. 

As  a  result  of  a  blow  on  the  eye,  the  lens  may  be  driven  forward 
and  crush  the  iris  into  the  angle  of  filtration  where  it  remains  and  produces 
secondary  glaucoma  (Fig.  132). 

Spontaneous  dislocation  of  the  lens  into  the  anterior  Chamber  totally 
obstructs  the  drainage  System  of  the  anterior  Chamber  and  results  in  a  pure 
pressure  glaucoma  disassociated  from  inflammation  or  trauma  (Figs.  177- 
178).  Traumatic  dislocation  of  the  lens  into  the  anterior  Chamber  also 
results  in  glaucoma,  but  often  is  associated  with  other  injuries.  After 
perforating  wounds  of  the  lens,  as  after  the  Operation  of  discission,  the 
lens  matter  swells  and  may  cause  hypertension  either  by  mere  increase  in 
size  or  by  loose  lens  matter  blocking  the  pupil  or  the  angle  of  filtration. 


r 
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After  cataract  extractron  about  one  per  ccnt  of  the  cascs  develop  glau- 
coma  (Knapp).  This  complication  may  occur  at  any  timc  within  a  year 
or  two  after  closure  of  the  wound.  Risley  describes  a  case  of  glaucoma 
which  developed  in  an  aphaklc  eye  seventeen  years  aftcr  cxtraction.  After 
removal  of  the  lens.  if  a  large  quantity  of  cortical  matter  js  left  behJnd 
it  may  block  the  filtration  angic  or  excite  sufficient  ctliary  congestion  and 
swelling  to  advance  the  periphery  of  the  iris.  Probably,  the  most  frequent 
cause  of  hypcrtension  after  extraction  is  iiicarceration  and  retention  of  the 


lens  capsule  or  iris  in  the  wound. 
fills  the  anterior  dianiber  to  the  exe- 
it  may  effectually  block  drainage.     Ir 
Position  of  the  vitreous  is  normal.    A 
membranc  may  completely  occlude 
abates  when  the  popillary  soace  is  i 
den 


itreous  is  prolapsed  and 
:  aqueous,  in  which  case 
it  is  doubtful  if  the  com- 
capsular  or  inflammatory 
i  cause  glaucoma  which 
knife  needle.  In  other 
if  discovcred  {Fig.  179). 
he  Iris  and  mechanically 
nay  draw  the  ins  awajr 
na  develops  {Fig.  180). 
■s  long  bcfore  the  tumor 
lot  become  glaucomatous 
).  Several  factors  con- 
cases:  (1)  Altcred  vit- 
icns  and  periphery  of  the 


cases  the  pupillary  memb 

Crowths  in  the  ciliar" 
close  the  angle  bnt  in  otl 
from  the  Cornea  and  ope 

In  sarcoma  of  the 
reaches  the  cillary  body,  t)i 
until  the  rctina  is  extensiv 
tribute  to  the  developmem 
reous  which  mechanically  pushes  torward  tue  i 

iris;  (2)  Irritating  effect  of  tumor  Juices  upon  the  trabccula  of  the 
pectinate;  (3)  Blocking  the  Spaces  of  Fontana  with  leucocytcs,  pigment 
and  debris;  (4)  Pressure  of  the  tumor  on  a  vortex  vein  (of  doubtful 
influence). 

Evidently,  it  is  impossible  to  describe  all  methods  by  whtch  the  likra- 
tion  angle  may  be  obstructed.  The  following,  however,  are  not  very 
unusual  results  of  perforating  wounds ;  ( 1 )  cystic  degeneration  of  iris  and 
ciliary  body  (Figs.  171-182) ;  (2)  deposit  by  the  endothelial  celli  of  the 
Cornea  and  iris  of  a  cuticular  material  resembüng  Descemet's  membrane, 
in  the  angle  of  filtration  (Flg.  183). 

Morbid  Anatomy.  The  parenchymatous  hazrness  of  the  comea 
in  glaucoma  is  due  to  disarrangement  of  its  parts.  The  same  effect  can 
be  produced  in  a  freshiy  enucleated  eye  by  compression.  In  the  epithelial 
layer  the  cloudiness  is  caused  by  edcma;  the  fluid  accumulates  between  the 
epithelial  cells  and  on  the  surface  of  Bowman's  membranc.  This  edema 
probably  is  caused  by  interference  with  the  circumcorneal  circulation.     In 


Fig.  iTfi— Glaiicoma  FoUowing  Spl)nlantou^ 
nislocalion  'tf  ihe  [,cn.«  inlu  thc  AiUerior  Cham- 
ber. Althoiigli  Pressure  has  cniised  Rclasia  of 
the  Sckrn.  thc  Disc  iloes  nol  prcscni  a  Typicil 
Gtaiicinnainus  Cii|it>in){.     See  aiso  Fin.  1V7. 
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Fig.  181— Sarcoma  of  ihe  Choroid,  wilh 
Retinal  Uclachmenl.  Causing  Sccondary 
Glaucoma.      The   Tumor   ha?   not    Involvcd 
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Fig.    183— Filtralion   Angle    Block 
by    Membrane    Rcsembling    tliai 
Descemet     and     Derivcd     from     t 
Endothelial    L"ell>   of   the   O.riiea   :■ 
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L. 


6LAUC0MA.  263 

nearly  all  cases  submitted  to  microscopic  examination  the  angle  of  filtra- 
tion  is  obliterated  by  adhesion  of  thc  iris  to  thc  cornea.  In  thc  carly  stagc 
the  iris  is  pushed  against  the  cornea  by  swelling  of  the  ciliary  processes 
but  rccedcs  when  the  attack  subsides.  In  course  of  time,  however,  per- 
manent adhesions  form  between  the  iris  and  cornea,  thus  producing  the 
shallow  anterior  Chamber  of  glaucoma  absolutum  (Fig.  165).  In  the 
early  stage  there  is  inflammatory  edema  of  the  iris  and  ciliary  body,  but  in 
the  late  stages  the  iris  becomes  too  atrophic  to  manifest  inflammatory  phe- 
nomena.  Where  the  iris  is  attached  to  the  cornea  nothing  remains  but  a 
line  of  pigment.  In  the  free  portion,  the  delicate  stroma  of  the  iris  is 
replaced  by  fibrous  tissue.  The  blood  vessels  are  extensively  degenerated 
or  entirely  obliterated.  The  muscular  fibers  undergo  hyaloid  degenera- 
tion.  The  pigment  cells  disappear  from  the  stroma,  causing  the  iris  to 
change  its  color.  The  posterior  pigmented  layer  is  well  preserved  and  as 
the  stroma  contracts  this  layer  is  dragged  forward  and  over  the  anterior 
surface,  so  that  the  pupil  is  surrounded  by  a  black  ring  constituting  the  con- 
dition  known  as  ectropion  df  the  uveal  pigment.  The  ciliary  body  and  iris 
become  flattened  from  atrophy  until  in  very  old  cases  they  are  represented 
by  only  a  line  of  pigment  (Fig.  184).  At  last  the  ciliary  processes  disap- 
pear, aqueous  is  no  longer  produced  and  the  globe  softens.  Changes  in  the 
choroid  correspond  to  those  in  other  parts  of  the  uvea.  At  first  there  is 
inflammatory  edema  with  exudation  of  coagulable  serum,  and  in  the  late 
stages  extreme  atrophy.  Progressive  atrophy  of  the  retina  occurs  com- 
mencing  on  the  temporal  side. 

The  sclera  becomes  thinner  and  thinner  and  at  last  yields  at  its 
weakest  part,  namely,  around  the  anterior  ciliary  vessels  and  at  the  sdero- 
corneal  junction,  where  it  has  been  weakened  by  congestion  and  inflam- 
mation.  If  the  bulging  occurs  over  the  ciliary  body  it  is  called  ciliary 
staphyloma  (Fig.  185).  If  it  takes  place  immediately  in  front  of  the 
ciliary  body,  it  is  termed  intercalary  staphyloma  (Fig.  186).  Equatorial 
staphyloma  occurs  around  the  vena  vorticosae  (Fig.  187).  Hemorrhage 
may  occur  in  this  region  from  venous  ocdusion.  Flattening  of  the  cornea 
results  from  stretching  of  the  cornea  and  sclera  at  their  junction. 

Excavation  of  the  nerve  head  in  glaucoma  is  generally  attributed 
solely  to  increased  intraocular  pressure,  the  nerve  yielding  because  the 
sderal  fibers  are  least  numerous  at  this  point.  This  apparently  simple 
explanation  does  not  altogether  conform  to  the  course  of  the  disease  or 
to  the  Pathologie  findings,  which  appear  to  indicate  that  the  lamlna  does 
not  yield  to  excessive  pressure  until  the  nerve  has  been  weakened  by 
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atrophy  and  disappearance  of  the  disc  fibers.  Although  the  scleral  fibers 
arc  least  numerous  at  the  lamina,  this  region  is  heavily  reinforccd  by  the 
nerve  structure  and  is  by  no  means  the  least  resistant  portion  of  the  eye 
tunics,  39  is  demonstrated  by  artificially  produced  pressure  from  injectlons 
of  fluid  and  by  cases  of  pure  pressure  glaucoma  due  to  dislocatioii  of  the 
len»  into  the  anterior  chanibcr  {Flgs.  177-178).  In  esttmating  the  vatue 
of  observations  on  this  subject,  it  is  important  to  separate  cases  in  which 
aqueous  obstruction  occurred  suddenly  from  those  In  whIch  it  devcloped 
slowly  or  intcrmittently.  In  the  lattcr  class  excavation  is  extreme.  Schna- 
bel regards  the  excavation  as  due  to  neuritic  atrophy,  which  commences 
by  formation  of  cavities  in  the  nervi  hieb  arc  supposed  to  fuse 

and  form  the  glaucomatous  excavat!<  the  early  glaucomas  which 

I  have  examined  microscopic  l  isions  were  found  in  which 

the  nerve  axons  had  disappe  »glia  remained  (Fig.  188). 

Excavation  of  the  disc  cor  oral  side  {Figs.  189-190). 

Continued  high  pressure  s(  avation  of  the  disc.     Optlc 

atrophy  precedes  or  keeps  ition  and  in  course  of  timc 

all  nerve  fibers  are  desi  atous  cup  usually  is  fiUcd 

only  with  vitreous  and  i  ve  fibers   (Flg.    191).      In 

ftome  cases,  however,  it  con  of  newly  formed  connective 

ti&sue  (Fig.  192).     Thi  ay  be  quite  vascular  (Fig. 

193)  and  when  congesteu  noscoplc  picture  simularing 

neuritis.  Microscopic  sections  ot  giauLumaLOus  eyes  frequcntly  show 
fibrous  clevations  projecting  from  the  floor  of  the  excavation;  they  often 
contain  nearly  or  completely  obÜterated  blood  vessels  (Fig.  194). 

BüPHTHALMUS  (Infantile  Glaucoma;  Hydrophthalmus :  Ox  Eye). 
Buphthalmus  is  the  glaucoma  of  infancy.  In  chüdhood  the  sclera  is  far 
morc  distensible  than  in  adult  life  and  when  subjected  to  increased  intra- 
ocular  pressure  it  yields  uniformly.  The  entire  globe  is  enlarged  including 
the  Cornea  which  may  form  a  globular  protuberancc  (keratoglobus)  or 
it  may  be  stretched  and  flattencd.  The  anterior  Chamber  is  very  decp. 
Buphthalmus  resembles  simple  glaucoma  in  the  entire  absence  of  con- 
gestive  and  inflammatory  phenomena.  In  both  conditions  this  may  bc 
ascribed  to  the  slow  and  uniform  development  of  high  tension.  In  the 
early  stages  the  iris  appears  normal  but  gradually  it  changes  color  and 
finally  becomes  highly  atrophic.  The  lens  remains  clear  until  distension 
and  degeneration  are  well  advanced  when  it  becomes  cataractous  from 
malnutrition.  Subluxation  of  the  lens  may  occur  from  stretching  and 
nipturc  of  the   zonular  fibers.     The  lens  recedes   and  no  longer  »up- 


Fig.  IST— Itiiuatorial  ,Sl.-i[>liy 


Fig.    188— Early    Glaucoiiia    wiih    l'il-liki    Ui'iir.-M.ui.    ..ti    llie    Ui^c.    froiii    which   tbe 
Nerve   .Vxons  liave    ÜL-appearcd.   tlie   Xcitroglia   RemaininB. 
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Figs.  1B9  atid  190— Early  Glau- 
eoraatous  Cupping  of  the  Disc, 
The  Exeavation  Commences  011 
the  Temporal  side. 


Fig.  191  —  Glaucomatous  Cuppiii 
Later  Staee.  Complele  Excavaiin 
The  Optic  Nerve  U  Atrophie. 
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ports  the  iris  so  that  the  latter  trembles  when  the  eye  is  moved 
(iridodonesis).  The  retina  and  choroid  undergo  atrophy.  Although 
ihe  antero-posterior  diameter  of  the  globc  is  greatly  increased,  the 
refracdon  is  not  always  myopic  and  the  myopia,  when  present,  is  not 
usually  of  high  degree.  This  is  explained  by  the  backward  displacement 
of  the  lens.  Buphthalmus  frequently  occurs  in  a  family  in  which  a  parent 
and  several  children  are  affected  by  this  or  some  other  congenital  ocular 
anomaly. 

The  obstruction  to  escape  of  aqueous  is  situated  in  the  anterior  Cham- 
ber and  appears  to  be  due  to  arrested  development,  the  iris  remaining  as 
in  fetal  life,  in  contact  with  the  Cornea  at  the  angle  of  the  anterior  Chamber 
(Fig.  195).  There  is  also  undue  persistence  of  the  fetal  pectinate  liga- 
ment.  These  or  other  anomalies  in  the  filtration  System  have  been  re- 
ported  in  the  few  cases  which  have  been  examined  microscopically.  It  has 
been  experimentally  demonstrated  that  the  rate  of  filtration  from  buph- 
thalmic  eyes  is  subnormal. 

Stereogram  73.  Glaucoma  with  Advanced  Arteriosclergsis 
(So-called  Hemorrhagic  Glaucoma).  Early  Glaucgmatgus  Exca- 
VATIGN  OF  Nerve.  Right  eyeground  of  a  man  72  years  of  age. 
Has  general  arteriosderosis.  Both  eyes  are  affected  with  glaucoma  sim- 
plex.  Two  weeks  ago  a  **  blur  "  suddenly  appeared  before  the  right  eye. 
Vision,  10/200:  tension,  taken  with  the  finger,  is  plus.  The  temporal  side 
of  the  nerve  presents  a  typical  glaucomatous  excavation.  A  light  halo  in 
the  adjoining  fundus  marks  commencing  choroidal  atrophy.  The  exca- 
vation extends  to  the  temporal  edge  of  the  disc  which  is  slightly  under- 
mined.  The  nasal  side  of  the  depression  is  precipitous,  but,  has  not  yet 
extended  to  the  margin  of  the  nerve.  The  floor  is  grey  in  color  and  dis- 
tinctly  shows  the  perforations  in  the  lamina.  The  main  retinal  vessels 
are  displaced  to  the  nasal  side  of  the  nerve.  The  ascending  and  descend- 
ing  retinal  arteries  are  sderosed  as  shown  where  they  cross  and  obscure 
underlying  veins.  Numerous  small,  striate  hemorrhages  are  scattered 
throughout  the  macular  region  and  along  the  supratemporal  vessels. 

Ten  days  after  the  above  picture  was  secured,  extensive  hemorrhage 
occurred  into  the  vitreous  and  blood  appeared  in  the  anterior  Chamber. 
In  two  weeks  inflanmiatory  glaucoma  developed  and  the  eye  was 
enudeated. 

Microscgpic  Examination.  In  the  nerve,  both  central  vessels  were 
extensively  degenerated  and  the  artery  was  nearly  closed  by  endarteritis 
proliferans.    The  retinal  vessels  presented  the  usual  changes  of  arterio« 
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sclerosi».  The  entire  retma  was  filled  with  deep  and  superficial  hemor- 
rhages.  The  optic  disc  was  excavated  on  the  temporal  side  (Fig.  190). 
The  lamina  cribrosa  was  not  displaced. 

DiAGNOSIs.  Acute  inflammatory  glaucoma  is  an  emergency  disease 
which,  if  recognized,  is  readily  relieved,  while  a  mistake  in  diagnosis  usu- 
ally  results  in  dcstruction  of  vision.  Notwithstanding  the  vital  ncccssity 
of  recognizing  this  not  uncommon  disease,  it  seldom  is  diagnosticated  by 
the  generat  practltioncr,  in  fact,  a  larc*-  nrritinrtion  of  glaucoma  cases  which 
enter  cur  ctinics  have  had  the  con  ägravated  or  even  vision  de- 

stroyed  by  the  use  of  atropine  which  :n  droppcd  into  the  eye  for  a 

supposed  iritis,    During  a  glaucomatous         ure,  the  eye  condition  may  bc 
masked  by  violent  pain  throughout  th 
the  disease  is  regarded  as  an  attack 
megrim  occurs  with  considerabl 


life,  although  the  Intervals  of  atta 
Glaucoma,  on  the  other  band,  sei 
attacks  occur  with  increas 
and  enable  the  patient  to 
mistake  of  regarding  glai 
than  that  frequently  niade 
iritis.    It  is  very  important 
atropine,  which  is  benefici: 
pearance  of  the  Iris  Is  diagnostic; 


ibution  of  the  fifth  nerve  and 
grim.  Periodic  headache  or 
'  from  childhood  throughout 
grow  longer  after  forty-five. 
ars  beforc  forty,  after  which 
,e  aura  which  preccde  megrim 
are  absent  In  glaucoma.  The 
,  howevcr,  is  Icss  dangerous 
g  and  treating  the  disease  as 
lese  two  diseases,  inasmuch  as 
■uctive.in  glaucoma.  The  ap- 
in  glaucoma  it  Is  pushed  forward, 
especially  at  the  pcriphery,  and  the  pupll  is  dilated,  oval  and  Immobile  to 
light.  In  Iritis  the  Iris  Is  not  advanced,  the  pupil  Is  contracted,  irregulär 
and  may  he  filled  with  exudates.  In  glaucoma  the  Iris  Is  free,  whlle  in 
iritis  it  usually  is  bound  to  the  lens  by  synechiK.  "Hie  cornta  in  g^aucmna 
is  steamy  and  Insensitive  to  the  touch;  in  iritis  it  is  dear  and  sensibility  is 
not  affected.  In  Iritis  the  pain  develops  slowly  and  is  worse  at  night;  in 
glaucoma  it  develops  rapidly,  is  continuous  and  more  serere  than 
in  iritis.  Vision  is  lowered  in  iritis,  but  may  he  abolishcd  in  acute 
glaucoma.  The  deciding  symptom  in  doubtful  cases  is  eye  tension,  which 
is  normal  in  uncompllcated  iritis,*  but  always  incrcased  in  glaucoma.t 

Irldocyctitis,  especially  of  syphilitic  ortgin,  may  develop  vident  noc- 
turnal  exacerbations  attended  by  vomiting  and  radiating  pains  in  tfae 
supraorbital  reglon.     During  such  an  attack  eye  tension  may  be  incrcased 


•  It  is  understood  ihat  soi 
The  term  " uneomplicated  Iritis''  refers 
t  Bear  in  mind  ihat  secondary  gl 


of  ihe  ciliary  body  always  accompanies  iritis. 
ises  presenting  no  clinlcal  evidence  of  cyclitis. 
a  may  be  caused  by  iritic  adhesions. 
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and  the  condition  so  dosely  simulate  inflammatory  glaucoma  that  differ- 
entiation  is  difficuk.     These  cases  are  recognized  as  iridoqrditis  by — 

( 1 )  The  history,  which  in  iridocyditis  is  that  of  a  slowly  dcveloped 

inflammation. 

(2)  Contracted  pupil  and  presence  of  iritic  adhesions. 

(3)  In  the  secondary  glaucoma  of  iridocyditis  the  anterior  Chamber 
usually  is  of  normal  or  increased  depth,  while  in  primary  glaucoma  it  al- 
ways  is  shallow. 

(4)  The  presence  of  punctate  deposits  on  the  posterior  surface  of 
the  Cornea  and  on  the  lens.  This  is  the  most  tmportant  differential  Symp- 
tom. These  deposits  constst  of  conglomerations  of  leucocytes  and  pig- 
ment  from  the  ciliary  body  which,  following  the  direction  of  the  aqueous 
current  are  deposited  upon  the  lens,  iris  and  Cornea.  As  a  result  of  grav- 
itation  they  tend  to  settle  upon  the  lower  portion  of  the  comem  and  should 
be  sought  for  in  this  Situation  by  oblique  iUumination.  When  the  exudate  is 
abundant  it  fills  the  sinus  of  the  Chamber  below,  forming  a  hypopyon.  The 
presence  of  even  a  few  punctate  deposits  on  the  posterior  surface  of  the 
Cornea  is  proof  that  the  dtsease  is  not  glaucoma  but  iridocyditis. 

(5)  In  cyditis  with  increased  tension  some  anesthesia  of  the  Cornea 
may  exist,  but  never  is  so  complete  as  in  inflammatory  glaucoma. 

The  ophthalmoscopic  picture  of  glaucoma  is  best  obtained  in  the 
simple  and  subacute  forms  of  the  disease,  also  in  the  inflammatory  form 
during  the  intervals  of  attack.  Early  glaucomatous  excavation  f  requently 
requires  differentiation  from  physiologic  excavation  of  the  nerve.  In 
glaucoma  the  nerve  is  grey  and  atrophic  and  the  excavation  extends  to  the 
very  edge  of  the  nerve,  which  is  predpitous  or  undermined,  while  in 
physiologic  excavation  the  depresslon  does  not  extend  to  the  edge  of  the 
nerve.  In  the  oblique,  f unnel-shaped  physiologic  excavations  ( Stergm.  5 ) 
the  disc  gradually  slopes  from  the  edge  into  the  cup  in  a  manner  quite  dif- 
ferent  from  the  abrupt  edge  of  a  glaucomatous  pit. 

The  ease  with  which  pulsation  is  induced  in  a  glaucomatous  eye  by 
pressure  with  the  finger  is  diagnostic. 

A  small  coloboma  of  the  ntrvt  may  present  a  superficial  resemblance 
to  glaucoma  (Stergm.  9),  but  is  readily  differentiated  by  its  congenital  and 
non-progressive  character  and  by  the  otherwise  normal  condition  of  the 
eye. 

Intraocular  tumors,  espedally  sarcoma  of  the  choroid,  induce  a  sec- 
ondary inflammatory  glaucoma  which  requires  to  be  diagnosticated  from 
the  primary  form.  Sarcoma  is  suspected  if  the  eye  was  blind  before  the 
attack  of  glaucoma  and  especially  if  the  vision  disappeared  slowly  and 
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painlcssly.  Sarcoraa  occurs  in  onc  eye;  glaucoraa  in  both  eycs,  thcrefore, 
bilateral  glaucoma  is  evldence  against  the  presence  o(  sarcoma.  A  hi»- 
tory  of  thc  characteristlc  prodrotnes  can  usually  bc  obtained  in  glaucoma. 
A  transillumtnator  placed  over  the  site  of  a  sarcoma  casts  a  dense  shadow 
on  thc  pupil,  but  in  glaucoma  the  pupil  Illuminates  perfectly.  Hemor- 
rhagic  retinitis  sometimes  is  followcd  by  sccondary  glaucoma  in  which  thc 
history  of  developmcnt  closcly  resembles  sarcoma.  An  important  diag- 
nostic  point  is  the  appearance  of  the  anterior  chamber  which  may  be  of 
normal  or  increased  depth  in  postbemorrhagic  glaucoma. 
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Chapter  XIV. 
INTRAOCULAR  AND  ORBITAL  TUMORS. 

Sarooma«  The  mott  frequent  intraocular  tomor  it  tarcoma  of  the 
choroid.  Statisttct  indicate  that  it  oocurs  about  once  ki  eveqr  1500  cases 
of  eye  diseate.  No  age  is  exempt»  but  more  than  half  of  aU  cates  occur 
between  the  40th  and  60th  years.  In  oommon  wkh  other  progretttve  in- 
traocular growths,  sarcoma  passes  through  four  stages  of  development : 

( 1 )  The  preglaucomatous  stage,  in  iHiich  the  eye  is  free  f rom  pain 
or  irritation.  A  defect  exists  in  the  Visual  field  wUdi,  if  central,  wiU  be 
recognized  by  the  patient.  If  the  tumor  is  far  forward  vision  will  not  be 
disturbed  until  coUateral  detachment  of  the  retina  ensues.  In  small  sarco- 
mata  the  retina  usually  is  in  contact  with  the  tumor  or  separated  from 
it  by  only  a  thin  layer  of  fluid  in  which  case  the  color  and  form  of  the 
neoplasm  may  be  seen.  Exceptionally»  however,  a  very  small  sarcoma 
produces  extensive  detachment.  In  all  cases,  as  the  sarcoma  increases  in 
size,  total  detachment  results.  The  usual  duration  of  this  stage  is  from 
six  months  to  a  year;  rarely,  it  oontinues  for  years  (Fudis). 

(2)  The  glaucomatous  or  inflanunatory  stage,  characterized  by  a 
progressive,  pernicious  glaucoma  which  rapidiy  becomes  absolute.  The 
duration  of  the  second  stage  is  shorter  than  that  of  the  first. 

(3)  Stage  of  extrabulbar  extension,  which  ensues  when  the  sarcoma 
breaks  through  the  sdera.  Perforation  usually  occurs  by  extension  along 
biood  vesseis  or  along  the  optic  nerve  (Fig.  196),  very  rarely  along  the 
ciliary  nerves.  The  opening  thus  made  in  the  sdera  immediately  relieves 
intraocular  pressure,  and  pain  disappears.  The  tumor,  released  from 
pressure,  grows  with  increased  rapidity.  If  sarcoma  perforates  the  globe 
posteriorly,  it  proliferates  luxuriantly  In  the  orbit  and  causes  exophthal- 
mus.  If  it  emerges  along  an  anterior  ciliary  vessel,  sarcoma  forms  an 
external  granulating  mass,  usually  pigmented. 

(4)  Usually,  the  liver  is  the  first  organ  to  receive  a  metastatic  de- 
posit.  It  is  Said  that,  as  a  rare  event,  primary  sarcoma  of  the  choroid 
may  send  out  a  metastasis  before  involvement  of  the  sdera.  Reports  of 
such  cases,  however,  suggest  incomplete  microscopic  examination. 
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Fig.  192 — Glaucomitous  Excavati 
Containing  a    t.urgc   Ainount  nf  Ad 
venlilious   Coniieclive  Tissue. 


rig,     104— Filrmis     Rk-valicn 
jccting  (rom  tlie  Fluor  of  a  Glaui'i 
tous     Excavalion    and     Ci 
Partially    Oblilerated    Blood- 


FiR.  ly*— Ruphllialniu..  Tlie  Iris  has 
UciTiaincd  in  Coutact  with  ihe  Cornea  al 
llie   AhrIc  nf  ihe   Anlerior  Cliamber.     P, 

1><^L-im»lc  ÜKnieni;    S.  canal  of  Schlemm. 


l'iK-    1H7— -Sarronia   nf   Ihe   Clioroid,   Pro- 
LCtiiiK  inlu  Ihe   Viireous, 


>f  ihe   Clioroid  I 
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In  exceptional  cases  the  glaucomatous  stage  of  sarcoma  is  replaced 
or  foUowed  by  plasdc  iridoqrditis,  atrophy  of  the  eye  and  apparent  re- 
trocession  of  the  growth.  In  some  of  these  cases  the  iridoqrditis  may  be 
merely  coincidental.  In  others  the  sarcoma  undergoes  necrosis  from  de- 
fective  nutrition  or  hemorrhage  and  toxins  are  generated  which  excite  in- 
flammation  in  the  ins  and  ciliary  processes.  In  all  cases,  the  sarcoma 
progresses  and  ultimately  becomes  actively  malignant. 

The  glaucoma  which  supervenes  upon  sarcoma  and  other  intraocular 
growths  appears  to  be  largely  mechanical,  the  thidcened  vitreous  pushing 
forward  the  lens  and  root  of  the  iris,  thereby  dosing  the  filtration  angle  in 
the  anterior  Chamber.  Contributing  factors  are  obstruction  of  the  filtra- 
tion Spaces  by  cellular  Clements,  presence  of  albumin  and  übrin  in  the 
aqueous,  proliferation  of  the  trabeculas  in  the  pectinate  ligament  from  the 
irritating  action  of  Xoxins  in  the  aqueous  and,  possibly,  congestion  due  to 
pressure  upon  the  venas  vorticosas."^ 

In  the  majority  of  cases  sarcoma  of  the  choroid  forms  a  rounded 
protuberance  situated  on  a  flat,  disdform  base.  This  form  is  determined 
by  environment;  thus,  in  its  early  stage  the  neoplasm  being  compressed 
between  the  sdera  and  lamina  vitrea,  is  low  and  flat  Soon,  the  lamina 
ruptures  and  the  sarcoma  grows  rapidly  into  the  soft  vitreous  where  it 
assumes  its  characteristic  mushroom  shape,  consisting  of  a  globular  head 
in  the  vitreous,  a  neck  formed  by  constriction  of  the  lamina  vitrea  and  a 
flat  disc  situated  beneath  the  lamina  (Figs.  197-198-199).  Occasionally, 
the  lamina  is  not  perforated  but  yields  uniformly  to  a  slow*growing  sar- 
coma and  a  flat  discoid  tumor  results  (Fig.  200).  A  few  cases  have  been 
reported  in  which  so-called  sarcoma  appeared  as  a  flat,  disseminated  Infil- 
tration of  the  choroid;  histologically,  these  growths  are  endotheliomata 
(Fig.  201).  Sarcoma  of  the  choroid,  probably,  always  is  primary.  Cases 
reported  as  metastatic  have  not  been  satisfactorily  established.  The  con- 
ditions  necessary  to  establish  the  äagnosis  of  metastatic  sarcoma  of  the 
choroid  are  the  development  of  sarcoma  in  an  eye  known  to  be  previously 
healthy  in  a  person  already  affected  by  sarcoma  elsewhere.  Sarcoma  is  a 
solitary  growth  and  it  is  extremely  rare  for  a  secondary  deposit  to  form  in 
the  affected  eye,  differing  in  this  respect  from  glioma  of  the  retina,  me- 


^See  pagcs  153-4  and  SSO. 
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tastatic  Carcinoma  of  the  choroid  and  conglomerate  tubercle.  I  havc  scen 
one  case  of  local  metastasis  in  flat  sarcoma  (endothclioma)  of  the  ciliary 
body, 

A  woman  40  ycars  of  age  entered  the  dinic  with  no  perception  of  light 
in  the  right  eye,  high  intraocular  pressure  and  cataractous  tens.  The  history 
and  examination  indicated  intraocular  tumor  and  the  eye  was  cnucleated. 
Microstopic  examination  showcd  the  ciliary  body  entlrely  rcplaced  by  a 
typical  Hat  sarcoma  (endothelioma,  sarcoma  carcinomatodes).  On  the 
optic  nerve  was  a  slmilar  growth  which  formcd  a  globular  protuberance 


^'e  orbit  (Fig.  201).  These  ciliary 
;rowth,  while  vitreous  and  orbital 
:,  the  ciliary  tumor  h  regarded  as 
rresponded  in  all  respects  to  other 
lobe  was  sectioned  serially  and  no 

)8it3. 

n  which  with  sarcoma  in  one  eye, 
lympathetic,  has  developed  in  the 

cases  of  sympathetic  Ophthalmitis 
h  as  iridocyclitis  is  a  common  dis- 

afiected  with  sarcoma  than  among 


in  the  vitreous  and  also  ^'"■'•nded  ■ 
tumors  always  are  of  e  aelv 

deposits  develop  very  : 
the  primary  tumor,  p»ri,. 
reportcd  cases  of  fla* 
connection  existed  1 

A  few  cases  hav 
B  plastic  Iridocyclitis, 
other.    The  assumi 
does  not  appear  tc 
ease  and  no  more  fj 
others. 

Sarcoma  of  the  choroid,  like  sarcoma  in  other  regions,  consists  of  an 
embryonic  type  of  connectlve  tissue  celts  thickly  embedded  in  a  scanty, 
intercellular  substance.  The  predominating  type  of  cell  in  a  given  tumor 
may  be  spindle-shaped  or  round.  Frequently,  the  two  types  are  mixed. 
The  occurrence  of  true  giant-celled  sarcoma  in  the  choroid  has  not  becn 
established.  Sarcoma  cells  vary  greatly  in  size.  Spindle  celled  tumors 
are  by  far  the  most  common  In  the  choroid.  The  splndle  cells  have  large 
oval  nuclei  and  frequently  thelr  extremities  blfurcate.  They  are  arranged 
in  closely  packed,  interlacing  bundles  (Fig.  202).  In  round  celled  sar- 
coma the  cells  often  are  irregulär  in  shape.  Sarcomata  usually  are  very 
vtscular.  The  newly  developed  blood  vcssels  consist  of  thin,  endothelial 
linedtubes  and  Channels,  embedded  In  tumor  cells.  As  a  rule  round  celled 
sarcomata  are  more  vascular  than  the  spindle-celled  type.  A  sarcoma 
may  consist  almost  wholly  of  blood  Channels  or  tubes  composed  of  cells. 
Such  growths  are  termed  angiosarcomata  and  possess  a  gross  microscopic 
rescmblancc  to  glioma  of  the  retina  (Fig.  203).  Round-celled  sarcomata 
are  more  rapidly  malignant  than  spindle-celled  tumors. 


Fig.  BOB  — SpinJio 
celled     Sarcoma     «i 

ilic  Choroid. 


l-'iK.     2l':i  —  Ailfiio-Sarcol 
iif    Ihe    Lliornid, 


l^ 


Fig.  a05 — Tumor  of  Choroid  and  Ciliary  Body,  which  on  seclion   (Fig.  206)  proved 
to   bc  a    Ferithelioma.      Note    the    Rosette-like   Arrangement   of    ihe   CeDs,   resembling 
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Alveolar  sarcoma  (cndothelioma,  sarcoma  carcinomatodes)  appcars 
in  thc  Uvea  as  thc  Hat,  diffuse  sarcoma  of  the  choroid  and  as  the  ring  sar- 
coma o£  the  ciliary  body  { Fig.  201).  Probably,  thesc  growths  arise  from 
the  endothelium  of  the  lymph  defts  and  from  the  perivascular  lymph  Chan- 
nels. Histologically  they  are  composed  of  large  endothelial  cells  in  a 
distinct  reticulum  (Fig.  204).  These  growths  dlffer  from  sarcoma  in 
origin,  type  of  cell,  structure,  tendency  to  local  metastasis  and  relatively 
low  malignancy.  They  are  classed  with  sarcoma,  however,  because  both 
develop  from  mcsoblastlc  tissue. 

A  rare  type  of  angiosarcoma  or  better,  endothelioma,  is  termed  per- 
ithelioma.  This  growth  is  distinguished  from  other  endotheliomata  by 
the  type  and  arrangement  of  its  cells.  1  have  seen  but  one  cxamplc  of  these 
growths*  (Fig.  205).  The  cells  are  of  columnar  or  oval  endothelial  type 
and  possess  abundant  protoplasm  and  rounded  or  elongated  nuclei.  They 
grow  in  a  radiate  manner  around  the  blood  Channels  in  immediate  contact 
with  the  endothelial  membrane  (Fig.  206).  Such  vessels,  whcn  cut  trans- 
versely,  appear  as  cellular  rosettes  resembling  those  found  in  glioma  of 
the  retina.  These  tumors  are  supposed  to  develop  from  thc  perithelium 
of  the  blood  vessels.  The  perithelium  is  a  single  layer  of  Hat  endothelold 
cells  situated  between  the  adventitla  and  perivascular  lymph  Space,  and 
exists  only  in  certain  organs. 

A  convenient  clinlcal  Classification  of  sarcoma  of  the  choroid  as  mel- 
anosarcoma  and  Icucosarcoma  is  based  on  the  color  or  degree  of  pigmen- 
tation  which  the  tumor  microscopically  presents.  Tliosc  classed  as  Icu- 
cosarcoma usually,  if  not  invariably,  contain  some  pigment  granules  visible 
under  the  microscope.  Fuchs  estimates  that  88  per  cent  should  he  classed 
as  melanotic.  The  pigment  occurs  both  in  the  ccUuIar  protoplasm  and  iso- 
lated  {Fig.  207).  Much  controversy  exists  as  to  which  layer  of  the 
choroid  is  the  starting  point  of  sarcoma.  Probably,  Shleck  is  correct  in 
his  Statement  that  sarcoma  of  the  choroid  is  no  exception  to  the  rule  that 
sarcoma  may  develop  whercver  connective  tissue  normally  exists  and  there- 
fore  may  arise  from  the  chonocapillaris  as  well  as  from  the  other  layers. 

The  mortality  from  sarcoma  of  thc  choroid  could  be  reduced  if 
instead  of  preserving  enucleated  spccimens  for  microscopic  demonstration 
they  wcre  always  subjected  to  rigorous  microscopic  examinatlon  for  evi- 


•  The  eye  was  microscopically  examined  for  Dr.  Jeronie  B,  Thomas. 
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dence  of  extraocular  extension.  The  early  migration  of  tumor  cells  along 
the  optic  nerve  or  the  perforating  vessels  is  invisible  to  the  naked  eye  but 
may  be  discovered  with  the  microscope  and  prompt  removal  of  the  orbital 
Contents  may  be  expected  ta  effect  a  eure  ( Fig.  208 ) .  On  the  other  band, 
if  left  undisturbed,  recurrence  and  death  are  ahnost  certain. 

Stereogram  74.  Sarcoma  of  the  Chorou)  (Leucosarcoma).*" 
Right  fundus  oculi  of  a  healthy  f armer,  44  years  of  age.  Left  eye  nor- 
mal. In  the  right  eye  vision  has  gradually  been  disappearing  for  the  past 
six  months.  Obscuration  began  on  the  temporal  side  and  slowly  extended 
like  a  black  curtain  being  drawn  across  the  visual  field.  There  has  been 
no  pain  in  the  eye.  Present  condition :  Externally,  the  eye  appears  healthy. 
Tension  normal.  The  ophthalmoscope  reveals  a  circumscribed,  globular 
tumor  at  the  posterior  pole,  dose  to  the  nerve,  on  the  nasal  side.  This 
is  diagnosticated  as  sarcoma  from  its  form,  immobility  on  movement  of 
the  eye  and  light  flesh  color.  Several  large  vessels  cross  its  surface  which, 
from  their  direction  and  method  of  divislon  are  supposed  to  be  retinal. 
No  adventitious  vessels  are  seen.  A  small,  simple  detachment  of  the  re- 
tina  adjolns  the  tumor  below,  recognized  by  a  slight  tremor  of  the  surface 
on  sudden  movement  of  the  eye,  and  also  by  its  color. 

The  eye  was  enudeated  and  microscopic  examination  showed  that  the 
tumor  seen  with  the  ophthalmoscope  was  a  small  leucosarcoma  ( Fig.  209  ) . 

DiAGNOSis.  The  diagnosis  of  sarcoma  of  the  choroid  Is  compara- 
tively  easy  when,  as  in  the  above  case,  there  is  but  little  collateral  detach- 
ment of  the  retina.  It  becomes  difficult,  however,  when  the  tumor  is  small 
and  the  detachment  total.  In  every  detachment  the  possible  presence  of 
intraocular  tumor  should  be  considered.  Even  traumatic  detachments  are 
not  beyond  suspicion,  inasmuch  as  slight  injury  suffices  to  produce  detach- 
ment when  a  tumor  exists  in  the  eye.  The  ophthalmoscopic  picture  of  sar- 
comatous  detachment  varies.  Where  the  retina  lies  in  contact  with  the 
tumor  or  the  layer  of  fluid  between  tumor  and  retina  is  thin,  the  surface 
will  be  smooth  and  the  vessels  will  not  be  crinkled  as  they  are  in  simple 
detachment.  If,  at  the  same  time,  the  retina  retains  its  transparency 
the  color  and  form  of  the  underlying  tumor  will  be  visible  and  anomalous 
vessels  belonging  to  the  growth  sometimes  are  seen.  Partial  sarcomatous 
detachment  soon  becomes  total;  the  retina  becomes  opaque  and  the  pres- 

♦  Patient  was  undcr  the  care  of  Dr.  David  Webster,  Manhattan  Eye,  Ear  and  Throat 
Hospital. 


Fig.  ao7— Melano-Sarcoina  of  tlic 
Choroitt.  Showing  Pigmenl  in  tlic 
Cclls  and   Uolalcü. 


V\k.  2(ih — Sarcoma  of  ilic  Choroid. 
(Sl     has     Inviidcd     the 
Optic  Nerve  and  Pas^cd  Through  the 
SL'lera. 
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ence  of  intraocular  tumor  can  no  longer  be  determined  with  the  opthal- 
moscope.  At  this  stage  the  diagnosis  is  made  from  the  history  and  by 
aid  of  transillumination.  A  sarcoma  situated  in  the  posterior  hemisphere 
or  below  the  horizontal  meridian  will  be  hidden  by  detachment  earlier 
than  one  anterior  to  the  equator  or  in  the  upper  part  of  the  eye.  Even 
while  the  tumor  is  small,  more  or  less  detachment  of  the  retina  usually 
exists  below  and,  not  infrequently,  an  extensive  detachment  may  be  pro- 
duced  by  a  very  small  sarcoma,  in  which  case  the  latter  may  be  overlooked. 
When  the  glaucomatous  stage  ensues  the  detachment  is  pushed  forward 
against  the  lens,  the  retinal  folds  are  crowded  together  and  the  broad 
surface  furrows  of  simple  detachment  are  transformed  into  narrow  sllts. 
Simple  detachment  usually  occurs  in  myopic  eyes,  spontaneously  or  from 
slight  injury.  In  any  eye,  detachment  may  be  produced  by  traumatism, 
albuminuria,  subretinal  exudation  or  hemorrhage,  contraction  of  retinal 
cicatrices,  loss  of  support  from  diminution  in  the  size  of  the  vitreous  and 
contraction  of  vitreous  exudates.  These  causes  must  be  considered  and 
exduded  before  diagnosticating  a  detachment  as  due  to  sarcoma  of  the 
choroid.  Eye  tension  is  not  increased  and  may  be  diminished  in  simple 
detachment;  it  is  elevated  or  at  least  normal  in  sarcomatous  detachment. 
Sarcoma  may  be  attended  by  discomfort,  but  simple  detachment  is  painless. 
In  simple  detachment  the  retina  may  become  temporarily  replaced  and  a 
corresponding  improvement  in  vision  will  occur,  but  sarcomatous  detach- 
ment grows  progressively  worse.  In  simple  detachment  the  loss  of  vision 
is  rapid;  in  sarcoma  gradual  loss  of  vision  usually  precedes  total  detach- 
ment. Floating  bodies  in  the  vitreous  are  more  common  in  myopic  than 
in  sarcomatous  detachment.  Detachment  due  to  subretinal  hemorrhage 
usually  is  accompanied  by  extensive  bleeding  in  other  parts  of  the  retina. 
The  picture  of  subhyaloid  hemorrhage  is  too  distinctive  to  be  mistaken 
for  tumor  (Stergm.  33). 

Hemorrhagic  retinitis  from  venous  thrombosis  or  other  causes  is 
not  infrequently  foUowed  by  inflammatory  glaucoma.  As  in  sarcoma  of 
the  choroid,  the  glaucoma  is  unilateral  and  preceded  by  painless  loss  of 
vision.  The  two  conditions  differ,  however,  in  the  following  respects;  in 
sarcoma  vision  usually  disappears  slowly  and  frequently  the  patient  de- 
scribes  the  gradual  advance  of  darkness  from  one  side,  while  in  retinal 
hemorrhage  vision  is  lost  rapidly.  In  glaucoma  due  to  sarcoma  the 
anterior  Chamber  is  shallow,  but  in  the  early  stage  of  glaucoma  secondary 
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to  retinal  hemorrhage  the  anterior  Chamber  usually  is  deep   (see  pages 
151-2.  154). 

Sarcoma  usually  Blocks  one  or  more  of  thc  vorticose  veins  whicfa 
empty  the  choroid,  and  a  collateral  flow  is  established  through  the  anterior 
ciliary  veins  of  thc  same  side.  Thercfore,  in  a  doubtfui  casc,  one  or  more 
greatly  dilatcd  anterior  ciliary  veins,  limited  to  one  side  of  the  eye,  are 
evidence  in  favor  of  sarcoma. 

The  form  of  the  globe  seldom  is  altered  by  sarcoma  of  the  choroid 
until  Perforation  is  imminent,  differing  in  this  rcspect  from  conglomerate 
tubercle  which  tends  to  soften  the  ovcrlying  sclera,  causing  staphyloma- 
tous  bulging.  In  one  exceptlonal  case  which  I  microscopically  examined,* 
a  large  equatorial  staphyloma  exisf'-d  over  a  sarcoma  of  the  choroid, 
The  cavity  of  the  staphyloma  was  d  with  disintegrated  blood.  The 
sarcoma  had  not  invaded  either  the  s 
was  produced  by  hemorrhage  fron 


i  or  staphyloma,  and  the  latter 
i  vorticose  vein  or  from  the 


sarcoma  (Flg.  210). 

Primary  glaucoma  almost 
ease  may  be  indpient  in  one  eye 
unilateral    glaucoma    should    al 
Glaucoma  Is  attended  by  remis 
ment,  but  in  sarcomatous  glaui 


fEects  both  eyes,  though  the  dis- 
inced  in  the  other;  conscquently, 
gest  the  presence  of  sarcoma. 
}  more  or  less  amenable  to  treat- 
paln  seldom  remits  until  after 


Perforation  of  the  globe.      Iridectomy,    scierotomy,    etc.,   which    relieve 
glaucoma,  hasten  the  advance  of  sarcoma. 

Sarcoma  should  be  difierentiated  from  metastatic  Carcinoma  of  the 
choroid,  for  the  reason  that  sarcoma  demands  immediate  enudeation, 
while  in  Carcinoma  of  the  choroid  the  fatal  termination  is  precipitatcd  by 
surgical  interference,  the  average  duration  of  Hfe  after  enudeation  being 
less  than  (ive  weeks,  ahhough  at  the  time  the  patlent  may  appear  in 
good  health.t  Therefore,  in  all  cases  of  intraocular  growth,  search 
should  be  made  for  tumor  elsewhere  in  the  body,  especially  in  the  breast, 
and  if  a  Carcinoma  is  discovered  the  eye  should  not  be  enudeated  except  for 
retief  of  pain.  Metastatic  Carcinoma  of  the  choroid  appears  as  a  flat  de- 
posit  at  the  posterior  pole  (Fig.  211),  but  whcn  far  advanced  it  may, 
like  sarcoma,  form  a  rounded  protuberance  in  the  vitreous.  I  examined 
microscopically  one  such  case  for  Dr.  P.  C.  Jameson.    A  woman,  aged  38 

•  From  Ihe  service  cf  Dr.  J.  Scott  Wood,  Brooklyn  Eye  and  Ear  Hospital. 
t  Oatman,  Am.  Jour.  Med,  Sei.  March  1903, 


Fig.  21« — Sarcoma  ot  tlie  Choriiid  in  Cumieolicm 
!oma.  Ihe  Imicr  caiisfd   by   Hemurrliase  and   lillcd   wi 


ih  3   Large   Equalorial  St^ 
Üi^inteHraled   Blood. 


Flal    Tumor   at    thc 


Fig.    213— Metaslalic    Cari 
rounded  and  lar^e  at  the  Post' 


of    Choroid.      Thcre     arc    two     Deposits;      one 
de;    the  olher  Hat.  in  ihe  Ciüary  Kegion. 
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years,  with  Carcinoma  of  the  uterus,  suffered  from  a  metastatic  carcinoma- 
tous  deposit  in  the  left  eye.'^  When  first  examined  with  the  ophthalmo- 
scope  two  deposits  were  seen :  one,  a  large  rounded  tumor  springing  from 
the  posterior  pole,  and  a  second  mass  in  the  ciliary  region  (Fig.  212). 


Sarcoma  of  the  Choroid. 


Always  primary  in  the  choroid. 
May  develop  at  any  point. 

Forms  a  rounded  protuberance 
in  the  vitreous.  Fiat  sarcoma  (en- 
dothelioma)  is  extremely  rare. 


Usually  exists  for  many  months 
before  destroying  vision. 

Detachment  occurs  late  when 
tumor  is  centrally  located  (Grif- 
fiths). 

The  pain  appears  to  be  due 
solely  to  high  eye  tension. 

If  tumor  is  limited  to  choroid 
tension  is  not  diminshed. 

Only  one  eye  affected. 


Metastatic  Carcinoma  of  the 

Choroid 

Always  secondary  in  the  choroid. 

Situated  in  posterior  polar  zone ; 
usually  on  the  temporal  side  of 
nerve. 

Typical  appearance  is  a  flat,  oval 
deposit  with  a  central  elevation  of 
1  or  2  mm.,  gradually  sloping  into 
the  surrounding  fundus.  Its  color 
is  a  dirty  yellow  with  scattered 
pigment  spots. 

Vision  is  destroyed  in  from  two 
to  eight  weeks  after  appearance 
of  first  eye  Symptoms. 

Loss  of  vision  is  due  to  early 
and  extensive  detachment  of  re- 
tina. 

Eye  may  be  very  painful  with 
normal  tension. 

Tension  is  reported  as  increased 
in  one-third,  normal  or  diminished 
( ?)  in  two-thirds  of  the  cases. 

In  one-third  of  all  cases  both 
eyes  contain  a  carcinomatous  de- 
posit. 


*  The  only  recorded  casc  of  primary  Carcinoma  of  the  utcnis  with  metastasis  in  the 
choroid. 


278  the  fundus  ocuu. 

Stereogram  75.    Sarcoma  of  the  Choroid  with  Total  Detach- 
MENT  OF  THE  Retina.    Mclanosarcoma.    Right  eyeground  of  a  man  aged 
47  years.    Five  months  ago  he  first  noticed  a  cloud  in  the  Upper  field  of  thii 
eye,  which  very  gradually  increascd  in  slzc.    Three  weelcs  ago  the  eye  rapü 
idly  became  blind.    Present  condiiion.    Right  eye:  Tbc  ciliary  region  is  notl 
reddened,  but  below  a  Single  dilated  anterior  ciliary  vein  appears  on  th» 
sclera.    The  media  arc  clcar.    Anterior  Chamber  appears  of  normal  depth.J 
Eye  tension,  by  digital  palpation,  is  normal.     Within  the  past  day  or  t 
he  has  cxperienced  a  sensc  of  disconifort  in  the  eye.    Vision  is  reduced  toJ 
perctption  of  light  in  the  lower  field  and  an  absolute  scotoma  exists  above.  ] 


detached.  The  detachment  iS'  ] 
rface,  grey  "  shot-silk  "  color,  1 
vessels  and  a  trembling;  motion   : 

top  of  a  dark  brown  nodutarJ 
le  eye  is  movcd  is  seen  in  fn 
natlon  of  the  eye  from  a  poini 

pupil-  From  other  regions  od 
he  diagnosis  is  melanosarcon 


Ophihalmoscope.    The  retina  is  c< 
recognized  as  such  by  its  f'       d, 
regularly  distributed  and 
impartcd  bv  movement  oi 
tumefaction  which  does  no 
of  and  below  the  detad 
far  back  and  below,  cii 
the  eye  the  pupil  Ülumi 
of  the  choroid. 

The  history  of  thi  arcoma.      Development   of  thel 

neoplasm  was  attended  ss  of  vlsion.    The  abrupt  bliiutj^ 

ness  which  ensued  mai~.  :tachment  occurred. 

The  eye  was  enucicaieu  ana  miviutcopic  examination  showed  the 
tumor  to  be  a  well  pigmented  sarcoma  of  the  choroid  (Flg.  198). 
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Glioma  of  THE  Retina.  Glioma  of  the  retina  is  a  malignant  growth 
occurring  only  in  infants  and  young  children.  It  rarcly,  if  ever,  develops 
after  the  slxth  year;  evcn  this  is  a  late  age  for  the  first  appearancc  of 
glioma  and  such  cases  requlre  to  be  substantiated  by  authentic  micro- 
scopic  examination.  Most  gliomata  are  congenital,  but  owlng  to  their 
slow  progress  they  escape  early  Observation.  Usually,  however,  discovery 
occurs  beforc  the  third  year.  Like  sarcoma  of  the  choroid,  glioma  of 
the  retina  passes  through  four  stages: 

(I)  Pregiaucomatous  slage,  in  which  it  may  be  difficult  or  impo»- 
sible  to  dlagnosticate  the  condition; 
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(2)  Glaucomatous  or  inflammatory  stage  which  resembles  the  glau- 
comatous  stage  of  sarcoma,  except  that  in  young  children  the  sdera  is 
more  distensible  than  in  adults  and  in  glioma  staphylomatous  bulgings 
precede  Perforation; 

(3)  Stage  of  extrabular  extension.  Perforation  is  foUowed  by 
lowered  eye  tension  and  relief  from  pain.  If  the  opening  is  posterior, 
the  neoplasm  flourishes  in  the  orbit  and  produces  exophthalmus ;  if  an- 
terior, a  granulating  mass  develops  which  has  been  termed  fungus 
hematodes. 

(4)  Stage  of  metastases  and  death.  Metastases  occur  early 
and  show  a  preference  for  the  lymphatic  glands,  including  the  preauricular, 
for  the  brain  and  for  the  cranial  bones,  especially  the  facial. 

Glioma  advances  slowly  by  deposit  of  neighboring  metastases  and 
its  course  covers  a  period  of  several  years,  the  victim  finally  dying  from 
exhaustion  or  from  metastatic  deposits  in  vital  parts,  particularly  in  the 
brain.  Death  is  inevitable  unless  the  eye  is  enudeated  before  the  stage 
of  extraorbital  extension.  If  the  growth  does  not  recur  within  three  years 
after  removal,  the  case  may  be  regarded  as  cured.  Glioma  in  the  second 
eye  appears  to  be  an  independent  growth  and  not  a  metastasis  or  ex- 
tension from  the  first  eye;  therefore,  in  bilateral  glioma  a  eure  may  fol- 
low  double  enudeation.  An  eye  enudeated  for  glioma  should  be  micro- 
scopically  examined  in  serial  sections  and,  if  tumor  elements  have  passed 
into  or  beyond  the  sdera,  the  orbital  contents  should  immediately  be  re- 
moved.  Recurrence  frequently  is  due  to  neglect  of  this  precautionary 
measure.  Infants  bom  with  manifest  glioma  frequently  are  affected  in 
both  eyes,  while  glioma  which  develops  after  birth  is  unilateral  in  about 
90  per  Cent,  of  cases.  When  glioma  develops  in  the  second  eye  its  evo- 
lution  may  be  ophthalmoscopically  observed.  In  the  earliest  State  glioma 
may  appear  as  several  light  colored  spots  which  soon  become  elevated 
and  develop  an  independent  vascular  supply.  Usually,  the  first  Symptom 
of  glioma  to  attract  attention  is  a  peculiar  yellowish  or  pinkish  white  light- 
reflex  that  occasionally  flashes  through  the  pupil  as  from  the  eyes  of  cer- 
tain  animals;  hence  the  condition  has  been  known  as  amaurotic  cat's  eye. 
This  pupillary  reflex  is  not  pathognomonic  of  glioma  but  occurs  also  in 
cases  of  detached  retina  saturated  with  inflammatory  products,  the  so- 
called  pseudoglioma. 

Stereogram  76.    Glioma  of  the  Retina.    Right  fundus  oculi  of 

a  boy,  aged  2  years.    Apparently  in  good  health.    Family  history  negative. 
Has  had  no  eruptive  fever  or  severe  illness.     The  parents  recently  ob- 
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served  a  peculiar  appearance  of  the  right  eye  consisting  of  a  whittsh 
reflex  from  the  pupil.  Eye  tension  normal.  Media  dear.  No  iritic  ad- 
hesions.  The  pupil  responds  promptly  to  direct  action  of  light.  By  focal 
illumination  a  deep,  pinkish  white  reflex  is  obtained  through  the  pupil. 
With  the  ophthalmo&cope  the  lower  portion  of  the  fundus  is  seen  to  be 
greatly  elevated.  On  the  nasal  side  below  is  a  pinkish  white  tumefaction, 
covered  with  blood  vessels  which  branch  in  an  erratic  manner  and  pursue 
anomalous  courses.  This  mass  has  a  firm  appearance  and  does  not  tremble 
on  movement  of  the  eye,  in  fact,  it  presents  the  ophthalmoscopic  picture 
of  a  neoplasm.  On  the  temporal  side  and  below  the  tumor  are  large, 
silver  grey,  bladder-like  elevations,  over  which  the  retinal  vessels  pursue 
a  normal  course.  This  region  trembles  on  sudden  movement  of  the  eye 
and,  evidently,  is  a  simple  detachment  of  the  retina.  The  pupil  is  not 
darkened  on  transillumination.  The  diagnosis  is  glioma  with  collateral 
detachment. 

Enudeation  was  performed  and  microscopic  examination  showed  the 
tumor  to  be  a  typical  glioma  retinae  (Fig.  213).  No  extrabulbar  exten- 
sions  of  the  growth  were  discovered.  Two  years  after  enudeation  there 
had  been  no  recurrence. 

Morbid  ANATONfY.  In  glioma  secondary  deposits  occur  throughout 
the  eye,  a  condition  extremely  rare  in  sarcoma.  As  a  rule,  glioma  grows 
outward  into  the  subretinal  space  (glioma  exophytum) ;  less  frequently 
inward  into  the  vitreous  (glioma  endophytum).  The  former  type  pro- 
duces  greater  detachment  of  the  retina  than  the  latter.  The  optic  nerve 
is  early  invaded  by  the  tumor  and  converted  into  gllomatous  tissue.  The 
choroid  is  invaded  both  by  metastasis  and  direct  extension  from  the  retina. 
Perforation  usually  occurs  along  the  vessels  which  pass  through  the  sdera 
and  also  along  the  optic  nerve.  Fresh  glioma  is  pinkish  white  or  light 
yellow  in  color  and  of  soft  consistence.  From  its  gross  resemblance  to 
brain  tissue  it  has  been  calied  medullary  Cancer.  Retinal  glioma  is  con- 
structed  of  convoluted  blood  vessels  the  walls  of  which  are  composed  of 
thickly  packed  tumor  cells  (Fig.  214).  These  cell-covered  blood  vessels 
are  separated  from  each  other  by  wide  areas  filled  with  dead  cells  which 
have  perished  from  malnutrition.  In  the  early  stage  of  development 
glioma  cells  are  arranged  in  radiate  form  around  short,  capillary  tubules 
which  frequently  contain  blood.  Transverse  microscopic  sections  of  these 
tubules  form  the  rosettes  which,  when  present,  are  diagnostic  of  glioma 
(Fig.  215).  In  the  later  stages  this  peculiar  structure  is  lost  and  the 
tumor  presents  the  appearance  of  angiosarcoma.     Even  microscopically, 
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pseudoglioma  may  present  a  resemblance  to  giioma  sufficient  to  deceive 
the  inexperienced.  For  example,  I  have  examined  a  case  of  metastatic 
retinitis  foiiowing  epidemic  cerebrospinal  meningitis,  in  which  the  massed 
retinal  tissue  was  thrown  into  folds  which  formed  rosettes  that  might  be 
mistaken  for  those  of  giioma.  The  variety  of  cells  found  in  giioma  of 
the  retina  indicates  that  some  of  them  at  least  are  common  to  all  forms 
of  chronic  proliferative  retinitis  and  have  appeared  in  response  to  an 
irrltant.  The  tumor  cells  are  embryonic  in  type;  they  are  of  small  size, 
round  or  cylindric  in  form  and  possess  a  large  nucleus  and  scanty  proto- 
plasm.  Ganglion  and  neuroglia  spider  cells  can  usually  be  demonstrated 
(Fig.  216).  Giioma  is  strictly  a  nonpigmented  tumor.  If  pigment  is 
present  it  is  either  hematogenous  or  displaced  from  the  retinal  epithe- 
lium.  The  intercellular  substance  is  scanty  and  consists  largely  of  cell 
processes.  The  development  of  nutritive  blood  vessels  in  giioma  does  not 
keep  pace  with  cellular  proliferation;  consequently,  early  and  extensive 
necrosis  and  degeneration  occur.  The  most  conmion  change  is  fatty  de- 
generation  foUowed  by  calcification.  Less  frequently  hyaloid  changes 
ensue.  The  metastases  of  giioma  often  histologicaUy  resemble  small 
round-celled  sarcoma.  Giioma  is  said  to  arise  from  the  nudear  layers  of 
the  retina.  The  name  is  based  upon  its  supposed  origin  from  the  retinal 
neuroglia  (Virchow).  Other  theories  of  origin  are:  (a)  misplaced  neu- 
roglia and  ganglion  cells  (Greeif ) ;  (b)  misplaced  rods  and  cones  (Win- 
tersteiner) ;  embryonic  retinal  cells  (Treacher  Collins).  The  dose  struc- 
tural  resemblance  of  giioma  to  perithelioma  (page  280)  suggests  a  com- 
mon vascular  origin. 

Cryptoglioma.  Under  the  name  of  cryptoglioma  Schöbl  has  de- 
scribed  rare  cases  in  which,  although  giioma  is  present,  its  Symptoms  are 
so  obscured  that  a  true  diagnosis  cannot  be  made.  In  these  cases  giioma 
develops  in  an  eye  but  usually  escapes  Observation;  next,  iridocyclitis  de- 
velops,  the  globe  softens  and  the  fundus  is  hidden  by  exudates,  cataract  or 
detachment  of  the  retina.  At  this  period  there  is  nothing  except  the  age 
of  the  patient  to  suggest  giioma.  Later  the  giioma  becomes  active  and 
progresses  to  a  fatal  termination.  The  cryptic  character  of  these  cases 
may  be  ascribed  either  to  posterior  Perforation  of  the  globe  by  the  giioma, 
or  to  an  iridocyditis  exdted  by  the  products  of  timior  necrosis.  In  another 
rare  dass  of  cases,  giioma  develops  and  then  recedes  without  intercyrrent 
iridocyclitis  or  softening  of  the  eyeball.  In  course  of  time,  however,  the 
neoplasm  reappears.  Giioma  possesses  a  great  tendency  to  degenerate, 
and  in  these  cases  of  recession  it  is  probable  that  a  large  part  of  the  tumor 
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dies  and  is  removcd  by  absorption.  Cases  o(  cryptoglioma  are  so  rare 
as  to  exert  but  little  influence  upon  diffcrential  diagnosis.  Parsons  found 
15  alleged  tases  in  literature.  In  but  six  of  thcse  was  thc  microscopic 
examination  at  all  satisfactory.  Parsons  says  of  all  thac  "  the  gllomatous 
nature  of  cells  in  these  shrunken  eyes  is  not  placed  absolutely  beyond 
cavil."  Cases  of  supposed  cryptoglioma  require  to  be  carefully  diffcren- 
ttated  from  tuberculoma. 

PsEUDOGLiOMA.  The  name  "  pseudoglioma  "  is  applied  to  any  non- 
malignant,  Intraocular  formation  in  children  which  bears  a  clinical  re- 
semblance  to  glioma  of  the  retina.     P«!'-"'lnglioma  usually  is  an  inflamma- 
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Intraocular  infection  occurs  most  frequently  through  penetrating  wounds 
which  either  destroy  the  eye  or  leave  the  lens  and  Cornea  opaque.  Occa- 
sionally,  however,  a  wound  may  leave  the  media  transparent  and  also  re- 
sult  in  formation  of  cicatricial  tissue  which,  ophthabnoscopicalty,  resembles 
a  malignant  neoplasm.  In  these  traumatic  cases  the  exudative  process 
usually  is  more  circumscnbed  than  in  metastatic  endophthalmitis  and  it 
may  be  associated  with  simple Metachment  of  the  retina.  A  persistent 
fetal  Hbrovascular  lens  sheath  has  been  mistaken  for  glioma.  This  mal- 
formation  usually  is  associated  with  persistent  hyaloid  artery  and  unde- 
veloped  lens  and  capsule.  It  presents  a  shining  white  surface  corered 
with  blood  vessels.    ~ 

Various  Inflammatory  conditions  may  result  in  a  pseudoglioma.  The 
most  frequent  is  metastatic  endophthalmitis  mth  detactunent  of  the  ret- 
ina. In  these  cases  the  posterior  portion  of  the  retina  is  gathered  into 
a  cord  which  extends  from  the  optic  nerve  to  the  anterior  part  of  the 
vitreous  cavity  where  it  expands  to  its  attachment  around  the  ora  serrata, 
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forming  the  so-calied  umbrella-form  detachment  (Figs.  217-218).  In 
metastatic  choroiditis  the  retina  may  not  detach,  but  remain  glued  to  the 
thickened  choroid.  Exudation  from  the  ciliary  body,  especially  after 
injury,  may  form  a  tumor-like  mass  in  the  vitreous  which  becomes  encysted 
and  may  develop  blood  vessels.  The  majority  of  pseudogliomas  which  I 
have  microscopically  examined  were  cases  of  metastatic  retinitis;  less  fre- 
quently  metastatic  choroiditis  was  found.  In  metastatic  retinitis  the  con- 
traction  of  cicatricial  bands  may  drag  the  ciliary  body  from  its  bed  even 
though  there  has  been  no  cyditis.    If  cyditis  develops,  the  eye  softens. 

As  the  result  of  disease  or  injury,  exudate  from  the  posterior  por- 
tion  of  the  ciliary  body  may  be  poured  out  into  the  post-lental  region  and 
organize  into  a  permanent  membrane  on  the  anterior  surface  of  the 
vitreous. 

Stereogram  77.  Pseudoglioma  (Metastatic  Endophthalmitis). 
Left  eyeground  of  a  boy,  seven  years  of  age.  His  only  severe  sickness 
was  from  diphtheria,  five  years  ago.  Right  eye,  normal.  His  parents 
recently  discovered  that  his  left  eye  is  blind.  Since  birth  the  left  iris  has 
been  lighter  in  color  than  the  right.  No  perception  of  light.  The  pupil 
reacts  to  a  direct  strong  light,  but  is  abnormally  sluggish  by  weak  Illumi- 
nation. Consensual  pupillary  reaction  is  normal.  The  ophthalmoscope 
shows  the  entire  fundus  to  be  unevenly  elevated.  Bluish  white,  nodular 
formations  cover  the  disc  and  also  the  inferior  and  nasal  portions  of  the 
eyeground.  The  upper  outer  quadrant  of  the  fundus  appears  as  an  im- 
movable,  flat,  pinkish  white  membrane.  The  entire  surface  of  the  eye- 
ground is  covered  with  blood  vessels  some  of  which  are  newly  formed 
but  the  majority,  from  their  method  of  distribution,  are  recognized  as 
retinal.  Many  of  the  retinal  vessels  pierce  the  nodules,  a  peculiarity  which 
suggests  that  the  latter  are  composed  of  inflammatory  exudate  which  has 
covered  the  vessels.  The  flat  area  extending  upward  and  outward  is  sup- 
posed  to  be  detached  retina  containing  less  exudate  than  other  regions. 
The  narrow,  pointed,  white  formation  in  the  lower  border  of  the  flat  area 
is  regarded  as  a  band  of  newly  formed  connective  tissue. 

The  diagnosis  is  metastatic  endophthalmitis.  Probably,  the  choroid 
was  the  seat  of  metastasis  and  the  retina  was  fastened  to  the  choroid  by 
inflammatory  exudates. 

Diagnosis.  In  the  first  stage,  glioma  presents  no  positive  diagnostic 
sign;  consequently,  its  recognition  often  is  difficult  or  even  impossible. 
Differentiation  usually  lies  between  glioma  and  a  detached  retina  filled 
with  inflammatory  products  (pseudoglioma).    In  these  cases  an  accurate 
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dedsion  is  demandcd.  An  eye  containing  a  pseudoglioma  is  blind,  but  It 
is  innocuous  and  may  prcsent  a  normal  external  appearance.  Removal 
of  such  an  eye  disfigurcs  the  child  and  prcvents  proper  development  of 
the  corrcsponding  side  of  the  face.  On  the  other  hand,  failure  to  enudcate 
a  glioniatous  eye  results  in  the  patient's  death.  The  history  is  im- 
portant.  In  certain  familics  scveral  childrcn  perish  from  glloma  retins. 
Many  solitary  cases,  howcver,  occur.  History  of  an  infectious  fever  can 
usually  be  obtained  in  pseudoglioma.  The  presence  of  glioma  is  dis- 
covercd  before  the  third  year  in  two-thirds  of  all  cases,  and  the  proln  j 
abilities   are   strongly  against   its   development  beyond  the   age  of   tivel 
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astatic endophthalmitis,  on  the  contrary,  the  entire  retina  may  be  con- 
verted  into  a  fibrous  membrane  which  retains  few  or  no  sensitive  elements 
and  the  pupil  will  respond  sluggishly  or  not  at  all  to  direct  action  of  light, 
while  consensual  action  is  normal.  Oftcn,  howcver,  retina)  tissue  suffi- 
cient  to  produce  pupillary  response  perststs  for  a  long  time.  Conse- 
quently,  tn  pseudoglioma  the  pupil  may  or  may  not  react  to  light,  but  an 
inactive  pupil  is  evidencc  against  the  presence  of  glioma.  As  a  ruie,  eye 
tcnsion  is  normal  or  lowered  in  metastatic  Ophthalmitis  and  normal  or 
heightened  in  glioma.  In  old  metastatic  endophthalmitis  tension  may 
rise  from  sudden  recnidescence  of  the  inflammatory  process  (Fig.  219) 
or  from  occiusion  of  the  pupil  in  which  cases  the  cause  of  the  glaucoma  is 
obvious.  In  nearly  all  doubtful  cases,  howcver,  if  tension  is  increased  there 
is  glioma  and  if  lowered  thcre  ia  pseudoglioma.  In  soft  eyes  the  pos- 
sible  existence  of  cryptoglioma  should  bc  borne  in  mind  and  the  child 
kept  under  Observation.  The  pinkish-white  color  of  glioma  may  be  du- 
plicated  in  certain  parts  of  an  old  inflammatory  exudate,  but  other  parts 
will  exhibit  either  strong  yellow,  shining  white  or  bluish  colors  that  do 
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not  belong  to  glioma.  The  surface  of  glioma  often  presents  discoloration 
due  to  hemorrhage,  necrosis  or  calcification  quite  diiferent  in  appearance 
from  the  bands  and  sheets  of  connective  tissue  seen  in  some  cases  of  or- 
ganized  exudate.  Adventitious  blood  vessels  are  nearly  constant  in  glioma 
and  not  uncommon  in  pseudoglioma.  Absence  of  all  vessels  on  a  tumor 
points  to  pseudoglioma.  Inflammatory  new  formations  may  ensheath 
the  vessels,  an  appearance  which  I  have  never  seen  in  glioma.  The  ap- 
pearance of  the  detached  retina  may  throw  some  light  on  the  nature  of 
an  intraocular  tumor.  Thus,  in  metastatic  endophthalmitis  the  retina 
usually  is  totally  detached  and  saturated  with  inflanunatory  material  or 
converted  into  fibrous  tissue  which  renders  the  membrane  rigid  and  im- 
movable  on  movement  of  the  eye.  In  glioma,  however,  there  may  be  ex- 
tensive coUateral  simple  detachment  which  trembles  on  movement;  there- 
fore,  in  a  doubtful  case  the  presence  of  a  simple  detachment  with  a  trem- 
ulous  surface  points  to  the  presence  of  glioma. 

Massive,  intraocular  exudation  following  injury  may  present  a  puz- 
zling  ophthalmoscopic  picture  consisting  of  a  circumscribed  exudation 
(Fig.  220).  In  traumatic  cases,  however,  evidence  of  an  injury  can  usu- 
ally be  obtained. 

Post-lental  cyditic  membranes  or  exudates  are  best  seen  by  focal  Il- 
lumination. They  present  a  smooth,  bluish-white  surface  which  bears  little 
resemblance  to  glioma  (Fig.  221). 

After  metastatic  choroiditis  or  Uveitis,  the  vitreous  cavity  may  be 
filled  with  a  purulent  fluid  and  the  post-lental  surface  appears  uniformly 
yellow.  In  advanced  cases  of  glioma  the  preauricular  glands  enlarge  and 
nodules  may  form  on  the  head  and  facial  bones. 

Transillumination  is  less  satisfactory  in  the  diagnosis  of  glioma  than 
in  sarcoma.  As  a  rule,  pupillary  Illumination  is  but  slightly  dinuned  by 
glioma.  This  is  due  to  the  following  conditions:  (a)  glioma  is  a  retinal 
growth  and  more  or  less  Space  exists  between  tumor  and  sdera  through 
which  light  reaches  the  pupil;  (b)  glioma  contains  no  pigment;  (c)  the 
vascular  interspaces  are  filled  largely  by  degenerated  tissue  which  does 
not  obstruct  light.  A  glioma  may  obstruct  light  if  it  has  extensively  in- 
vaded  the  choroid  and  especially  if  it  also  contains  a*large  blood  clot  or 
has  undergone  extensive  calcareous  degeneration. 

Practitioners  unfamiliar  with  the  appearance  of  intraocular  growths 
sometimes  mistake  glioma  for  congenital  cataract  and  delay  treatment 
until  the  infant  is  older.  This  fatal  error  is  avoided  by  the  knowledge 
that  congenital  cataract  lies  immediately  behind  the  pupil  and  possesses  a 
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soft,  bluish-white  color,  whtle  glioma  is  deeply  situtted,  far  behind  thc 
pupil  and  has  a  whitish  cast. 
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ited arca  of  reiina;  consequently, 
the  eye  reiains  good  light  percep- 
tifin    and    pupillary    readions    are 


Glioma  often  is  accompanied 
by  simple  detachment  of  retina, 
which  trcmbles  on  movement. 
Therefore,  a  tumor  in  infants, 
accompanied  by  simple  detach- 
ment. probably  is  glioma. 


PSEUDOGUOMA. 


M 


Metastatic  retinitis  usnally  in- 
olves  the  entire  retina,  in  which 
case  all  light  perception  tnay  bt 
lost  and  there  is  no  direct  pupil- 


In     metastatic    endophthalmitb 

the    entire    retina    usUally    is    in- 
filtrated     with     ex  n  dal  es     which 

r ender    it    rigid    and    immovable 
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Tumors  of  the  Ciliary  Body.  Sarcoma.  Sarcoma  of  thc  ciliary 
body  usually  is  an  extension  of  choroidai  sarcoma.  Primary  sarcoma  of 
the  ciliary  body  rarely  assumes  the  mushroom  shape  so  frequent  in  sar- 
coma of  the  choroid,  but  forms  a  rounded  tumor  with  a  broad  base  which 
tends  to  grow  forward  into  the  iris  and  posterior  Chamber  rather  than 
backward  into  the  choroid«  As  ciliary  sarcoma  advances  it  subluxates  and 
deforms  the  lens  but  shows  little  tendency  to  invade  it  (Fig.  222). 

The  so-called  ring  sarcoma  of  the  ciliary  body  is  very  rare  (Fig.  201 ) . 
It  usually  infiltrates  and  replaces  the  entire  ciliary  body  before  forming 
marked  tumefactions.  These  growths  are  of  relatively  low  malignancy 
and  may  exist  many  years  before  exciting  suspicion  as  to  their  real  char- 
acter.  The  diagnosis  of  ring  sarcoma  is  difficult.  Transillumination  is 
of  no  assistance  unless  the  neoplasm  has  formed  local  tumefactions.  In 
the  late  stage  the  iris  may  contain  nodules  or  show  increased  pigmenta- 
tion.  Usually,  however,  it  is  only  swoUen  and  changed  in  color  (Fuchs). 
If  the  ciliary  processes  are  not  destroyed  glaucoma  finally  develops.  Histo- 
logically,  these  growths  are  endotheliomata  (pages  271-273). 

Sarcomas  which  originate  in  the  anterior  portion  of  the  choroid  and 
extend  to  the  ciliary  body  possess  all  the  characteristics  of  choroidai 
sarcoma. 

Stereogram  78.  Sarccm^a  of  Choroid  and  Ciliary  Body.  Left 
fundus  oculi  of  a  man,  28  years  of  age.  Vision  in  the  left  eye  has  recently 
fallen  to  counting  fingers.  No  pain.  Tension  slightly  minus.  Externally, 
the  eye  is  not  reddened,  but  a  single  greatly  dilated  and  tortuous  anterior 
ciliary  vein  crosses  the  sclera  on  the  nasal  side.  The  ophthalmoscope 
reveals  a  very  flat  detachment  of  the  retina  in  the  macular  region.  At 
the  anterior  limits  of  the  ophthalmoscopic  field  on  the  nasal  side,  the 
posterior  edge  of  a  light  colored,  slightly  nodular  tumor  is  seen.  The 
surface  of  the  mass  is  traversed  by  blood  vessels  which  pursue  a  course 
the  reverse  of  the  retinal  vessels,  i.  e.,  f rom  before  backward.  The  pos- 
terior border  of  the  tumor  merges  into  loose  folds  of  detached  retina. 
The  detachment  presents  a  dark  color  owing  to  its  position  which  prevcnts 
Illumination  by  the  choroidai  reflex.*  Transillumination  of  the  anterior 
nasal  region  corresponding  to  the  intraocular  mass,  casts  a  shadow  on  the 
pupil.    Diagnosis  is  sarcoma  of  the  choroid  and  ciliary  body. 


*Iii  this  stereogram  the  tumor  is  situated  far  forward  in  the  eye,  and  when  it  is 
brought  into  focns  with  the  ophthalmoscope,  all  deUiU  in  the  posterior  part  of  Äe  fundus 
are  lost 
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The  eye  was  cnucleated  and  found  to  contain  a  poorly  pigmented 
sarcoma   (Fig.  223). 

Conglomeratc  tubercle  of  the  cülary  body  may  simulatc  sarcoma.  It 
dificrs,  however,  in  its  tendency  to  invade  all  structures  that  lic  in  its  path 
induding  the  ins,  lens  (Fig.  224)  and  sclera.  In  ciliary  tubercle  sec- 
ondary  dcposlts  usually  form  in  the  Iris  and  excite  a  low  grade,  plasttc 
inflammation.  In  othcr  cases  conglomerate  tubercle  of  the  ciliary  body  may 
attain  large  size  and  pcrforate  the  globe  without  exciting  the  süghtcst 
local  reaction  (Fig.  225). 

DiACNOSIs.     Tuberculosis  of  the  ciliary  body  usually  occurs  at  an 


earlier  agc  than  sarcoma.  In 
be  cmployed  for  diagnostic  pi 
proof  that  the  process  is  tubcn 

Metastatic  carcino 
I  examined  micro« 
backward  infiltra 
sistance   ( Fig.  2'. 

The  diagnosii 
of  Carcinoma  clse^ 

Glioma  has  bei 
in  the  great  majo; 
growth  in  the  rctina. 
not  enter  into  the  diherentia.  . 


js  cases  a  tuberculin  injection  may 
nd  a  positive  reaction  in  the  eye  is 

in  the  ciliary  body.  In  a  case  which 
Duncan,  the  tumor  cells  extended 
IS   following  the  linc  of  least    re- 

carcinoma  rests  upon  the  knowledge 

E  in  the  pars  ciliaris  retinx,  although 
glioma  is  secondary  to  a  primary 
alignant  tumor  of  infancy  and  doea 
..s  of  intraocular  growths  In  adults. 
A  case  of  metastatic  hypernephroma  of  the  ciliary  body  has  been  re- 
ported  by  Biirton  Chance*  who  permitted  me  to  examine  microscopic  slides 
of  the  growth  (Fig.  227).  The  diagnosis  depcnds  upon  the  known 
presence  of  hypernephroma. 

Cysts  may  form  in  the  pars  ciliaris  retinx  of  degenerated  eyes  by 
Separation  of  its  layers  (Fig.  171).  They  occur  also  in  eyes  which  appear 
otherwise  normal,  especially  in  old  people  (Fig.  228).  They  should  be 
carefully  diffcrentiated  from  melanosarcoma  by  means  of  transillumination. 
Sometimes  the  uveal  pigment  on  the  ciliary  processcs  forms  large 
melanotic  masses  which  might  be  mistaken  for  malignant  growths  (Fig. 
229).  The  benign  melanotic  masses  which  I  have  seen  present  a  scintÜ- 
lating  surface  whcn  viewed  with  the  ophthalmoscope.  Owing  to  their 
Separation  from  the  sclera  they  do  not  cast  a  shadow  in  transillumination. 
I  once  microscopically  examined  an  eye  enucleated  for  supposed  sar- 
coma of  the  ciliary  body  which  on  section  was  found  to  contain  no  sar- 


.  Med.  Assn.,  Feb,  9,  1907,  475. 


FiB  223— Sarcnma  nf  ihe  Cil- 
iary  Body-  The  Tumor  has  Dc- 
formed    and    I-Uxalcd    ihe    Len-, 


[-'in,  333~Pt«irly  flMnirrtinl  Hun .1*  tl(# 

Chormd  ind  irtllBry  Budy 


Kig.  33S-Con 
glomerate  Tiibtrcli 
of  Ihe  Ciliary  Bod; 
Perforating  ih. 
Sclera. 


3 


Via.  338— CyM  üf  llie  Pars  Ciliaris  Ket 


-Mass. 

;s  of  Uveal   Pigmc 

nt  Sinmlal 
Body. 

:i.iK  Maiignant  Üru 

wlhs  uf 

)be  tiliary 

i 

Fig.  ESO — TelangiectaMs  ol 
i)ie  Ciliary  Body.  Largt 
Cyslie  Spaces  aUo  exisl  he- 
nealh    ihe    Epiiliclial     Laycr 


l-iR.  i 


■   I'i, 


:sli  üf  Ulood  Vessels 
t-  covered  by  Dense  Masses 
iif    U'veal    Pigmeni,    forming 

Melaiiomala. 


INTRAOCÜLAR  AND  ORBITAL  TUMORS.  289 

coma  but  an  angtomatous  formation,  probably  congenital.  The  dinical 
appearance  was  remarkably  deceptive.  The  subject  was  a  man,  46  years  of 
age.  Myopia  of  7.  D.  in  each  eye.  Recent  loss  of  vision  in  the  left  eye. 
Ophthalmoscope  showed  extensive,  temporal  detachment  of  the  retina  in- 
duding  the  macula  (Fig.  120).  Immediately  in  front  of  the  detachment 
and  connected  with  the  ciliary  body,  was  a  nodular  black  mass,  containing 
blood  vessels.  This  case  occurred  before  transillumination  was  employed 
in  eye  diagnosis.  The  eye  was  enudeated.  Microscopic  examination 
showed  that  the  tumor  seen  with  the  ophthalmoscope  was  formed  by  the 
long  ciliary  artery  which,  on  entering  the  dliary  processes,  immediately 
broke  up  into  a  telangtectatic  mesh  of  vessels  densely  covered  with  uveal 
pigment  which  in  places  formed  melanomata  (Figs.  230-231).  In  ad- 
dition,  several  large  cystic  spaces  existed  beneath  the  epithelial  layer.  The 
detachment  of  the  retina,  which  caused  the  loss  of  vision  and  was  supposed 
to  be  due  to  the  ciliary  tumor,  proved  to  be  simple  in  its  nature  and  such 
as  is  common  in  myopic  eyes. 

Tumors  of  the  Orbit  and  Optic  Nerve.  Extraocular  tumors 
may  Induce  changes  in  the  fundus  of  the  eye  consisttng  of  optic  neuritis, 
optic  atrophy  and  secondary  hjrpermetropia  from  pressure  on  the  ocular 
walls. 

Orbital  Tumors  may  be  malignant  or  benign. 

Dermoid  Cysts  are  the  most  common  of  all  growths  originating  in 
the  orbit.  They  are  always  congenital,  although  they  may  be  so  small  at 
birth  as  to  escape  Observation.  The  great  majority  are  situated  in  front 
of  the  eye  and  do  not  cause  exophthalmus  unless,  as  in  some  cases,  they 
extend  deeply  into  the  orbit. 

Fluid  in  Tenon's  Capsule  or  on  the  tendons  of  musdes  may  simu- 
late  cysts. 

Hydatid  Cysts  usually  occur  in  the  young,  two-thirds  of  all  cases 
occurring  between  the  ages  of  11  and  21  years  (Neisser). 

Inflammatory  Tumors  and  bulging  inward  of  the  orbital  walls 
are  due  to  disease  or  tumors  in  the,  adjacent  nasal  sinuses. 

Granulations  and  Polypi  in  the  orbit  are  connected  with  bone 
disease,  usually  originating  in  adjoining  nasal  cavities. 

Primary  Exostoses  of  the  orbit  usually  spring  from  the  upper  and 
inner  angle,  although  they  may  grow  from  any  portion  of  the  bony 
wall.  They  are  composed  of  an  extremely  dense,  bony  shell  containing 
a  Center  of  spongy  bone  (ivory  exostosis) ;  rarely,  they  are  partly  car- 
tilaginous.     When  situated  in  the  sphenoidal  fissure,  the  optic  nerve  is 
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compressed  and  atrophy  results.  Osteoma  may  invade  the  orbit  from 
without.  Such  cases  should  be  carefully  differendated,  for  the  reason 
that  primary  tumors  situated  superficially  are  easily  removed,  whereas  it 
is  highly  dangerous  to  operate  upon  those  which  have  extended  into  the 
orbit  from  adjoining  cavities. 

Simple  Angioma  (telangiectasis)  and  Cavernous  Angioma  both 
occur  in  the  orbit.  Simple  angioraata  are  congenital  growths,  situated  in 
the  lids,  whence  they  extend  into  the  orbit.  They  are  not,  aa  a  ruie,  en- 
capsulated.  Cavernous  angtomata  develop  in  the  orbit,  They  possess 
a  thick  fibrous  capsule,  üned  with  endothelium  and  are  crossed  by  trabeculz, 


the  structure  resembling  erectile 
Bruit  and  pulaation  are  not  preae 
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g  of  newiy-formed  nerve  ele- 
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neuroma  (Elephantiasis  ]N euromatoaes,  t^irsoid  Neuroma)  occurs  in  the 
orbit  vcry  rarely. 

Fibromata  may  grow  from  the  periosteum,  sheaths  of  tendons  and 
dural  sheath  of  the  optic  nerve.  In  diagnostlcating  fibroma  of  the  orbit, 
the  tendency  of  other  growths,  cspecially  angtomata,  to  undergo  fibrous 
hyperplasta  must  be  bomc  in  mind. 

Carcinoma  does  not  occur  primarily  in  the  orbit  but  invasioa  may 
occur  (rem  the  slun,  conjunctiva,  lachrymal  gland  and  from  metastasis 
in  the  choroid. 

Sarcoma  may  originate  in  the  orbit  although  in  the  great  majority 
of  cases  it  h  an  extension  or  metastasis  from  the  choroid. 

Glioma  of  the  Orbit  is  always  a  secondary  deposit  from  glioma 
of  the  retina. 

Cylindroma  (endothelioma)  forms  encapsulatcd  tumors  in  the 
orbit.    They  are  of  very  low  malignancy. 

The  prognosis  aftcr  Operation  in  orbital  tumors  is  far  more  £avorable 
when  the  tumor  is  encapsulated  than  when  it  is  diffuse. 


Fig.  333 — Orbital  Tumor  causing 
l.ncaljzcd  Hypermetropia  by  Pressure 
upüii,  and  Thiekening  of.  tlie  Sclera. 
S.  sclera;  T.  tumor. 


FiK.  234— The  so-called  Glioiua  uf 
Oplic  \erve,  showing  its  dcvelopnienl  fi 
the   (.-»niieotivc   Ti.-iie   Sepl;i. 
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Lachrymal  Gland  Tumors  are  vcry  rare.  Frcqucntly,  they  arc 
mixed  growths.  Carcinoma,  sarcoma,  myxoma,  myxadenoma,  myxodar- 
comai  enchondroma»  osteochondroma,  osteoma,  fibromai  adenoma,  adeno- 
angioma,  cylindroma»  conglomerate  tubercle  and  hydatid  qrsts  have  been 
reported  as  occurring  in  the  lachrymal  gland. 

Protusion  of  the  eyeball  (exophthalmus)  is  the  most  prominent 
S]rmptom  of  orbital  tumor.  If  situated  without  the  musde  cone,  the  eye 
is  pushed  to  one  side  according  to  the  Situation  of  the  growth.  Unlike 
tumors  of  the  optic  nerve,  orbital  growths  do  not  produce  early  blindness ; 
consequently,  diplopia  usually  is  present.  A  tumefaction  at  the  apex  of 
the  orbit,  however,  may  destroy  sight  from  pressure  on  the  optic  nerve. 
Pressure  of  an  orbital  growth  on  the  eyeball  may  push  the  walls  inward 
or  cause  the  sdera  to  thicken,  in  which  case  the  ophthalmoscope  will 
show  a  localized  hjrpermetropia  (Fig.  232). 

Tumors  of  the  Optic  Nerve.  Tumors  of  the  optic  nerve  are 
divided  into  two  dasses,  intradural  and  extradural.  The  latter  are  very 
rare  and  develop  around  the  nerve  outside  the  sheaths.  Strictly  speak- 
ing,  only  those  growths  which  develop  within  the  dural  sheath  should 
be  considered  as  primary  tumors  of  the  nerve. 

Intradural  tumors  of  the  optic  nerve  mostly  begin  in  early  life  or 
are  congenital.  Out  of  85  cases  collected  by  Byers,  52  appeared  beforc 
the  25th  year.  They  are  of  slow  development  and  low  malignancy. 
As  a  rule,  they  extend  backward  from  the  entrance  of  the  central  vessels, 
leaving  10  mm.  to  12  mm.  of  the  optic  end  of  the  nerve  free.  They  may 
also  extend  forward  and  press  against  the  globe. 

Optic  nerve  tumors  vary  in  size  from  a  slight  enlargement  to  the 
size  of  an  egg  (Fig.  233).  In  a  large  proportion  of  cases  they  are  con- 
nected with  an  intracranial  extension  which  is  not  removed  with  the  tumor, 
and  the  continued  growth  of  which  ultimately  destroys  life.  They  are 
usually  elastic  or  of  soft  consistency  and  may  contain  large  cystic  spaces. 
Histologically,  they  belong  to  the  connective  tissue  group.  The  most 
characteristic  nerve  tumor  is  myxoma  or  myxosarcoma.  Endotheliomata 
also  are  common.  When  these  tumors  contain  chalky  concretions  they 
are  called  psamomata.  Fibroma  and  fibrosarcoma  are  rare.  Greeff  says 
the  so-called  glioma  of  the  nerve  develops  from  the  connective  tissue 
septa  of  the  nerve,  the  neuroglia  taking  no  part  In  their  formation  (Fig. 
234).  Were  the  tissue  of  these  neoplasms  proliferating  neuroglia  they 
would  react  to  selective  glia  stalns,  which  they  fall  to  do.  The  term 
"  neuroma  "  when  applied  to  these  tumors  also  is  a  misnomer,  because 
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the  optic  nerve  is  braln  tissue,  which  does  not  proüferate.  Greeff  applics 
Cohtiheim's  thcory  to  the  development  of  intradural  tumors.  He  belicve» 
that  when  the  central  vessels  entcr  the  fetal  cleft  In  the  nerve,  a  certain 
number  of  embryonic  cells  are  carried  along,  whieh  pcrsist  and  ultimately 
proüferate,  forming  a  tumor  of  the  nerve. 

The  exophthalmus  of  optic  nerve  tumor  is  charactcristic.  The  eye 
is  thnist  directly  forwards  with  üttle  or  no  lateral  displacement.  Mo- 
tility  is  not  disturbed  until  exophthalmus  is  extreme.  The  eyeball  cannot 
be  pushed  back  into  its  normal  position.     Blindness  occurs  early,  often 
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Sterf.ogram  79.  Opttc  Atropeiy  .and  Secondarv  Hypermetropia 
FROM  Tumor  of  the  Optic  Nerve.*  Teft  eyeground  of  apparcntly 
healthy  gJrl,  14  years  of  age.  Left  exophthalmus  first  attracted  attention 
two  months  ago,  at  which  time  she  had  transient  diplopia.  At  present, 
the  eye  is  blind.  Exophthalmus  is  marked,  the  displacement  being  directly 
forward.  The  eye  cannot  hc  restored  by  pressure  to  its  normal  position, 
No  pain.  MotiÜty  is  unimpaired.  The  Cornea  and  media  are  transparent. 
The  optrc  disc  presents  the  dead  white  color  of  postneuritic  atrophy. 
Retinal  vessels  normal.  The  entire  posterior  pole  is  elevated  above  other 
parts  of  the  fundus.  The  center  of  this  area  has  an  elevation  of  2  mm. 
(6.  D.)  ;  the  periphery  slopes  gradually  away  to  the  level  of  the  normal 
fundus.  The  projection  does  not  resemble  detached  retina  but  gives  onc 
the  Impression  that  the  posterior  walls  of  the  globe  are  pushed  inward. 
It  is  crossed  by  several  horizontal  light  streaks,  presumably  caused  by 
inequalities  in  the  surface. 
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A  tumor  of  the  optic  nerve  was  discovered  and  removed  by  thc 
Krönlein  Operation. 

DiAGNOSis.  A  tumor  of  the  nerve  produces  anterior  displacement 
of  the  eye ;  a  tumor  of  the  orbit  produces  lateral  displacement.  In  nerve 
tumors  motility  of  the  eye  is  good;  in  orbital  tumors  it  is  defective.  The 
eye  is  blind  in  tumor  of  the  nerve,  but  some  vision  is  retained  in  orbital 
growths;  therefore,  diplopia  exists  in  the  latter  condition  but  not  in  tumor 
of  the  nerve  except,  possibly,  in  the  early  stage.  Age  is  an  important 
f actor  in  differentiating  these  conditions,  inasmuch  as  about  40  per  cent  of 
intradural  nerve  tumors  develop  before  the  tenth  year.  In  exophthalmus 
due  to  solid  tumor  the  eye  cannot  be  pushed  backward  into  its  normal 
Position,  differing  in  this  respect  from  exophthalmic  goitre  and  telangiec- 
tasis  of  the  orbit  in  which  the  displaced  eye  can  temporarily  be  reduced 
by  pressure.  The  secondary  hypermetropia  presented  by  the  above  case 
is  unusual  in  tumor  of  the  nerve. 
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